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Executive Summary 

This Remedial Action Plan (RAP) was prepared by Kennedy/Jenks Consultants, Inc. (Kennedy 
Jenks) on behalf of Georgia-Pacific LLC (Georgia-Pacific) for Operable Unit E (OU-E) at the 
former Georgia-Pacific Wood Products Facility located at 90 West Redwood Avenue in Fort 
Bragg, Mendocino County, California (site), as shown on Figure 1-1. This RAP was prepared as 
required by the California Department of Toxic Substances Control (DTSC) under Site 
Investigation and Remediation Order Docket No. HAS-RAO 06-07-150 (Order). The purpose of 
this RAP is to comply with the provisions of section 25356.1 and to describe remedial actions 
planned for features within OU-E. 

The 415-acre site is located west of Highway 1 along the Pacific Ocean coastline and is 
bounded by Noyo Bay to the south, the City of Fort Bragg (City) to the east and north, and the 
Pacific Ocean to the west (Figure 1-1). Union Lumber Company began sawmill operations at the 
site in 1885. Georgia-Pacific acquired the site in 1973. Sawmill operations at the site included 
lumber production and power generation by burning residual bark and wood. Georgia-Pacific 
ceased operations on 8 August 2002. Much of the equipment and structures associated with the 
sawmill operations have been removed.  

OU-E is one of five operable units on the site (Figure 1-2) and consists of approximately 
12 acres of man-made ponds and seasonal wetland areas and 45 terrestrial acres divided into 
eight areas of interest (AOIs). This RAP addresses sediment in Pond 6, Pond 7, Pond 8, and 
the North Pond and groundwater in the Interim Remedial Measure (IRM) AOI, West of IRM AOI, 
and MW-4.1 in the Powerhouse and Fuel Barn AOI.  

DTSC has determined through investigation and remediation that soil in the Water Treatment 
and Truck Dump AOI, Sawmill #1 AOI, Compressor House and Lath Building AOI, Powerhouse 
and Fuel Barn AOI, Pond 8 Fill Area AOI, IRM AOI, West of IRM AOI, and Riparian AOI require 
No Further Action (NFA) because the COCs in soil meet unrestricted cleanup goals. Therefore, 
these AOIs are not addressed in this OU-E RAP. 

OU-E was divided into 13 AOIs based on historical use and data derived from previous 
investigations, six of which have been evaluated as part of two larger AOIs (Figures 1-3 through 
1-6): 

1. OU-E Lowland Terrestrial Soil AOI: approved for no further action (NFA) (DTSC 2018) 

a. Water Treatment and Truck Dump AOI 

b. Sawmill #1 AOI 

c. Compressor House and Lath Building AOI 

d. Powerhouse and Fuel Barn AOI 
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2. Pond 8 Fill Area AOI: approved for NFA (DTSC 2013b) 

3. Pond 8 Area of Concern (AOC): evaluated in OU-E Feasibility Study (FS) 

4. Pond 6 and North Pond AOC: evaluated in OU-E FS 

5. Pond 7 AOC: evaluated in OU-E FS 

6. Southern Ponds AOC: evaluated in OU-E FS 

7. Ponds 5 and 9 AOI: recommended for NFA 

8. OU-E Groundwater AOC: evaluated in OU-E FS 

a. West of IRM AOI 

b. IRM AOI 

9. Riparian AOI: approved for NFA (DTSC 2018). 

Aquatic areas include Ponds 1 through 9 and the North Pond. Terrestrial areas include the 
Water Treatment and Truck Dump AOI, Sawmill #1 AOI, Compressor House and Lath Building 
AOI, Powerhouse and Fuel Barn AOI, and Pond 8 Fill Area AOI as well as the Riparian AOI, 
IRM AOI and West of IRM AOI (Figure 1-3), which were transferred from operable units C 
and D. Predominant industrial features in OU-E were related to power production, milling of 
timber, water treatment, management of fly ash, and fuel storage. The ponds were constructed 
for operational purposes, including management of wastewater from site operations, providing a 
source of water for firefighting, and use as a log pond. Ponds 1 – 4, 6, 7, and the North Pond 
were constructed during operation of the Mill between 1952 and 1996 (see Figure 1-8). Pond 8 
was constructed during the initial development of the Mill Site around 1885 as the log pond 
(Figure 1-9). Currently, OU-E is vacant, there are no structures or uses in the terrestrial area, 
and the primary use of the aquatic areas, specifically Pond 8, is to provide stormwater 
management for the City prior to discharge to the ocean. The central section of the Coastal Trail 
was constructed through a portion of OU-E and is separated from the Mill Site with property line 
fencing that is marked with warning signs. The foreseeable future use of OU-E is as continued 
stormwater management facilities, parkland, and recreational trail development. Some 
commercial land use may occur in Parcel 5, depending on the outcome of the City planning 
process. 

The contaminants of concern (COCs) and environmental media for the five AOCs evaluated in 
the OU-E FS and discussed in this RAP are presented below: 

• Southern Ponds (Ponds 1-4) AOC: Aquatic sediment (dioxins, arsenic) 

• Pond 7 AOC: Aquatic sediment (dioxins, arsenic, barium) 

• North Pond and Pond 6 AOC: Aquatic sediment (dioxins, arsenic) 

• Pond 8 AOC: Aquatic sediment (dioxins, arsenic) 
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• OU-E Groundwater AOC 

o IRM and West of IRM AOIs: Groundwater [total petroleum hydrocarbon as diesel 
(TPHd), total petroleum hydrocarbon as gasoline (TPHg)] 

o OU-E Lowlands AOI: Groundwater (barium). 

A summary of the proposed remedial action alternative, as well as other remedial alternatives 
considered, is presented below: 

Southern Ponds (Ponds 1-4) AOC: Remedial alternatives evaluated in the OU-E FS for 
aquatic sediment in Ponds 1-4 included the following: 1) No Action; 2) Institutional Controls 
(containment, land use controls, sediment management, and long-term operations and 
management); 3) Construction of an upland vegetated cover to cover each individual pond to 
restrict exposure of potential receptors to affected media by limiting potential direct contact with 
affected sediment or infiltration of water; 4) Excavation and offsite disposal of sediment in 
Ponds 1-4; and 5) Construction of a vegetated wetland cover to cover each individual pond to 
restrict exposure of potential receptors to affected media by limiting potential direct contact with 
affected sediment or infiltration of water.  

Based on the analysis presented in the OU-E FS, institutional controls were selected as the 
preferred alternative for the Southern Ponds AOC. Although it is associated with a slightly lower 
reduction of toxicity, mobility, and volume, institutional controls provide adequate control of 
potential exposure pathways for future receptors. The benefits of a physical cover were offset by 
the effort and disruption required for implementation and potentially regular operation and 
maintenance (O&M). The benefits of excavation and disposal were offset by the effort and 
disruption required for implementation and the need to transport and dispose the sediment at a 
landfill. The cost difference between the alternatives was not justified by limited benefits of the 
vegetated soil cover or excavation and disposal alternatives. Additionally, sediment COC 
concentrations and bioavailable fractions were significantly reduced by sediment removal 
performed in 2017 and are expected to continue to decline naturally through existing biological 
and geochemical processes.  

Pond 7 AOC: Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Pond 7 
included the following: 1) No Action; 2) Institutional Control / Containment (containment, land 
use controls, sediment management, and long-term operations and management); 3) 
Construction of an upland vegetated cover to cover the pond to restrict exposure of potential 
receptors to affected media by limiting potential direct contact with affected sediment or 
infiltration of water; 4) Excavation and offsite disposal of sediment; and 5) Construction of a 
vegetated wetland cover to cover the pond to restrict exposure of potential receptors to affected 
media by limiting potential direct contact with affected sediment or infiltration of water.  

Based on the analysis presented in the OU-E FS, institutional control / containment were 
selected as the preferred alternative for Pond 7 aquatic sediment. Although it was associated 
with a slightly lower reduction of toxicity, mobility, and volume, institutional control / containment 
provide adequate control of potential exposure pathways for future receptors. The benefits of a 
physical cover were offset by the effort and disruption required for implementation and 
potentially regular O&M, as well as the disturbance of the newly-created wetland establishment 
area. The benefits of excavation and disposal were offset by the effort and disruption required 
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for implementation and the need to transport and dispose the sediment at a landfill. The cost 
difference between the alternatives was not justified by limited benefits of the vegetated soil 
cover or excavation and disposal alternatives. Additionally, sediment COC concentrations and 
bioavailable fractions were significantly reduced by sediment removal performed in 2017 and 
are expected to continue to decline naturally through existing biological and geochemical 
processes. 

North Pond and Pond 6 AOC: Remedial alternatives evaluated in the OU-E FS for aquatic 
sediment in Pond 6 and the North Pond included the following: 1) No Action; 2) Institutional 
Control / Containment (containment, land use controls, sediment management, and long-term 
operations and management); 3) Construction of an upland vegetated cover to cover each pond 
to restrict exposure of potential receptors to affected media by limiting potential direct contact 
with affected sediment or infiltration of water; 4) Excavation and offsite disposal of sediment; 
and 5) Construction of a vegetated wetland cover to cover each pond to restrict exposure of 
potential receptors to affected media by limiting potential direct contact with affected sediment 
or infiltration of water.  

Based on the analysis presented in the OU-E FS, institutional control / containment were 
selected as the preferred alternative for aquatic sediment in the North Pond and Pond 6. 
Although it was associated with a slightly lower reduction of toxicity, mobility, and volume, 
institutional control / containment provide adequate control of potential exposure pathways for 
future receptors. The benefits of a physical cover were offset by the effort and disruption 
required for implementation and potentially regular O&M. The benefits of excavation and 
disposal were offset by the effort and disruption required for implementation and the need to 
transport and dispose the sediment at a landfill. The cost difference between the alternatives 
was not justified by limited benefits of the vegetated soil cover or excavation and disposal 
alternatives. Additionally, sediment COC concentrations and bioavailable fractions are expected 
to continue to decline naturally through existing biological and geochemical processes. The 
existing beach berm will continue to provide sediment containment in this alternative. The beach 
berm will be inspected annually, maintenance will be completed as needed, and modification of 
the beach berm will be restricted by institutional controls.  

Pond 8 AOC: Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Pond 8 
included the following: 1) No Action; 2) Institutional Control / Containment (containment, land 
use controls, sediment management, and long-term operations and management); 3) Treating 
sediment in place through stabilization by the addition of binders and Portland cement to restrict 
exposure of potential receptors to affected media by limiting potential direct contact with 
affected sediment or infiltration of water; 4) Construction of an upland vegetated cover to cover 
each pond to restrict exposure of potential receptors to affected media by limiting potential direct 
contact with affected sediment or infiltration of water; 5) Excavation and offsite disposal of 
sediment; and 6) Construction of a vegetated wetland cover to cover each pond to restrict 
exposure of potential receptors to affected media by limiting potential direct contact with 
affected sediment or infiltration of water.  

Based on the analysis presented in the OU-E FS, the Institutional Control / Containment 
alternative is the preferred alternative for the Pond 8 AOC as it provides adequate control of 
potential exposure pathways for future receptors without the destruction of wetlands and 
associated mitigation. This alternative also allows Pond 8 to continue to receive and treat 
stormwater from the site and the City. Although it was associated with lower reduction of 
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toxicity, mobility, and volume, institutional control / containment provide adequate control of 
potential exposure pathways for future receptors. The benefits of a physical cover were offset by 
the effort and disruption required for implementation and potentially regular O&M. The benefits 
of excavation and disposal were offset by the effort and disruption required for implementation 
and the need to transport and dispose the sediment at a landfill. the cost difference between the 
alternatives was not justified by limited benefits of the vegetated soil cover or excavation and 
disposal alternatives. To address California Division of Safety of Dams (DSOD) requirements, 
the Mill Pond Dam will be modified to add a soil buttress at the northeastern end and a rock 
slope protection at the crib wall near the ocean. This alternative will require regular inspection 
and maintenance of both the Mill Pond Dam and the beach berm, including vegetation control 
on the beach berm, as well as annual inspection, maintenance, vegetation control, and periodic 
survey of the Mill Pond Dam. 

OU-E Groundwater AOC: Remedial alternatives evaluated in the OU-E FS for OU-E 
groundwater included the following: 1) No Action; 2) Restricted use; 3) monitored natural 
attenuation (MNA) and institutional controls; 4) Enhanced aerobic bioremediation; and 
5) Enhanced anaerobic bioremediation.  

Based on the analysis presented in the OU-E FS, MNA combined with institutional controls is 
the recommended alternative for the OU-E Groundwater AOC. Although the MNA alternative 
was associated with a slightly lower reduction of toxicity, mobility, and volume, MNA provides 
adequate control of potential exposure pathways for future receptors. The benefits of the active 
remediation alternatives were offset by the short-term effectiveness and potential 
implementability issues, and the cost difference was not justified by significant benefits and was 
associated with a degree of uncertainty. The Operable Unit D and Operable Unit E Groundwater 
Operation & Maintenance Plan (Kennedy Jenks 2020a) has been approved by DTSC (DTSC 
2020a). 
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Section 1: Introduction 

This Remedial Action Plan (RAP) was prepared by Kennedy/Jenks Consultants Inc. (Kennedy 
Jenks) on behalf of Georgia-Pacific LLC (Georgia-Pacific) for Operable Unit E (OU-E) at the 
former Georgia-Pacific Wood Products Facility (site) located at 90 West Redwood Avenue in 
Fort Bragg, Mendocino County, California, as shown on Figure 1-1. This RAP was prepared as 
required by the California Department of Toxic Substances Control (DTSC) under Site 
Investigation and Remediation Order Docket No. HAS-RAO 06-07-150 (Order).  

A draft RAP was submitted to DTSC on 8 September 2020 (Kennedy Jenks 2020d). DTSC 
provided comments on 7 October 2020 (DTSC 2020d). This RAP has been revised in 
accordance with DTSC comments.  

The 415-acre site is located west of Highway 1 along the Pacific Ocean coastline and is 
bounded by Noyo Bay to the south, the City of Fort Bragg (City) to the east and north, and the 
Pacific Ocean to the west. Union Lumber Company began sawmill operations at the site in 
1885. Georgia-Pacific acquired the site in 1973. Sawmill operations at the site included lumber 
production and power generation by burning residual bark and wood. Georgia-Pacific ceased 
operations on 8 August 2002. Much of the equipment and structures associated with the sawmill 
operations have been removed. The City acquired and improved 82 acres of land known as 
Noyo Headlands Park, which extends over the northern and southern coastal bluff at the former 
Mill Site. Noyo Headlands Park includes 5.4 miles of trails and various improvements. An 
additional public coastal trail extending from the southern end of the property 0.8 mile to the 
northern side of the City Wastewater Treatment Plant on 5 acres was opened in 2016 (called 
the “Coastal Trail”). Another approximately 10 acres was donated to the City in 2017 to connect 
the northern and southern ends of the Coastal Trail. With the exception of the public coastal 
trails, the site is fenced and locked to restrict trespassers.  

OU-E is one of five operable units on the site (Figure 1-2) and consists of approximately 
12 acres of man-made ponds and seasonal wetland areas and 45 terrestrial acres divided into 
eight areas of interest (AOIs). Aquatic areas include Ponds 1 through 9 and the North Pond. 
Terrestrial areas include the Water Treatment and Truck Dump AOI, Sawmill #1 AOI, 
Compressor House and Lath Building AOI, Powerhouse and Fuel Barn AOI, and Pond 8 Fill 
Area AOI as well as the Riparian AOI, Interim Remedial Measure (IRM) AOI and West of IRM 
AOI (Figure 1-3), which were transferred from OU-C and OU-D. Predominant industrial features 
in OU-E were related to power production, milling of timber, water treatment, management of fly 
ash, and fuel storage (Figure 1-4). The ponds were constructed for operational purposes, 
including management of wastewater from site operations, providing a source of water for 
firefighting, and use as a log pond. Ponds 1 – 4, 6, 7, and the North Pond were constructed 
during operation of the Mill between 1952 and 1996 (see Figure 1-8). Pond 2 is present on the 
earliest available aerial photograph but appears to be smaller than later configurations and may 
have been a site feature prior to development of the surrounding area. Pond 8 was constructed 
during the initial development of the Mill Site around 1885 as the log pond (Figure 1-9). Based 
on aerial photographs, the earliest documented size of Pond 8 was approximately 13.23 acres, 
and minimal changes in pond size occurred until after 1966 when several fill operations 
occurred. Pond 8 is currently approximately 7.24 acres. Additional details about these 
modifications or historical Pond 8 maintenance dredging or fill are not documented in available 
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site historical information. Pond 8 also receives stormwater runoff from portions of the Mill Site 
via surface sheet flow and the City via the City’s stormwater collection system. The majority of 
industrial features within OU-E have been removed. In locations shown on Figure 1-4, soil was 
placed in portions of the terrestrial area to cover foundations in the lowland following building 
demolition and interim cleanup activities in those areas. Currently, OU-E is vacant; there are no 
structures or uses in the terrestrial area and the primary use of the aquatic areas, specifically 
Pond 8, is to provide stormwater management for the City prior to discharge to the ocean. 
However, the central section of the Coastal Trail was constructed through a portion of OU-E and 
is separated from the Mill Site with property line fencing that is marked with warning signs. The 
foreseeable future use of OU-E is as continued stormwater management facilities, parkland, 
and recreational trail development. Some commercial land use may occur in Parcel 5, 
depending on the outcome of the City planning process. The status of the AOIs/areas of 
concern (AOCs) is presented on Figures 1-5 and 1-6. 

The Final OU-E Feasibility Study (OU-E FS; Kennedy Jenks 2019), dated 12 September 2019, 
was approved by DTSC on 24 October 2019 (DTSC 2019). The OU-E Remedial Action 
Workplan (OU-E RAW) was prepared prior to finalization of the FS to expedite remediation in 
select AOIs/AOCs to facilitate construction of the City’s Coastal Trail (Arcadis 2016). Areas 
evaluated in the FS due to the presence of potential risk following completion of the remedial 
investigation (RI), Baseline Human Health and Ecological Risk Assessment (BHHERA), and 
subsequent RAW implementation are herein described as “Areas of Concern” (AOCs). Areas 
where no unacceptable potential risk was found to be present following completion of the RI, 
BHHERA, and subsequent RAW implementation and were not considered in the FS because 
they were approved for no further action (NFA) are herein described as “Areas of Interest” 
(AOIs), consistent with nomenclature used in the RI and BHHERA process. Excavation and 
disposal were approved as the remedial action for the Lowland Terrestrial Soil AOI, the Pond 7 
Aquatic Sediment AOC, the Ponds 1 through 4 (Southern Ponds) Aquatic Sediment AOC, and 
the Riparian Aquatic Sediment AOI. Hot spots were removed in multiple areas throughout the 
Lowland Terrestrial AOI, in one location in Pond 2, in one location in Pond 3, and in four 
locations in the Riparian AOI, and sediment was removed from Pond 7. Implementation was 
completed in 2017 and summarized in the Remedial Action Completion Report for Operable 
Units OU-C, OU-D, and OU-E (RACR; Kennedy Jenks 2018a), which was approved by DTSC 
on 27 June 2018 (DTSC 2018). The Lowland Terrestrial Soil AOI and the Riparian Area AOI 
were approved for NFA (DTSC 2018). The Southern Ponds (Ponds 1-4) Aquatic Sediment 
AOC, Pond 7 Aquatic Sediment AOC, North Pond and Pond 6 Aquatic Sediment AOC, the 
Pond 8 Aquatic Sediment AOC, and the OU-E Groundwater AOC were evaluated in the OU-E 
FS. 

1.1 Regulatory Framework 
This RAP has been prepared pursuant to California Health and Safety Code (HSC) Section 
25356.1 and in accordance with DTSC Guidance Document No. EO-95-007-PP, Remedial 
Action Plan Policy (DTSC 1995). Consistent with HSC Section 25356.1, the RAP will be made 
available for review and comment by the public and regulatory agencies. 

The California Environmental Quality Act (CEQA) document will also be circulated for public 
review simultaneously. In accordance with CEQA, the City of Fort Bragg, as lead agency, will 
prepare an Environmental Impact Report (EIR) for public review to satisfy CEQA requirements. 
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The final EIR will be included in Appendix B of the Final RAP. DTSC responses to public 
comments will be provided in the Responsiveness Summary included in Appendix C of the Final 
RAP. 

1.2 Objectives 
Remedial actions presented in the OU-E RAW were completed in 2017, as summarized in the 
RACR. Based on the analysis presented in the OU-E FS, additional remedial alternatives were 
recommended to address contaminants of concern (COCs) within sediment and/or groundwater 
for five AOCs within OU-E. This RAP summarizes the completed remedial actions and areas 
approved for NFA, further outlines proposed remedial alternatives recommended in the OU-E 
FS, and identifies the remedial actions to be performed in remaining areas. 

Based on the Order and site-specific information, the objectives of this RAP are as follows: 

• Summarize background information and findings from the remedial investigation (RI) 
pertinent to the evaluation and selection of remedial alternatives. 

• Summarize the FS alternatives considered for each AOC and evaluated using the nine 
evaluation criteria described in Section 4.1.1. 

• Summarize remedial action objectives (RAOs). 

• Detail proposed remedial actions, based on the analysis presented in the FS. 

• Provide a preliminary schedule for implementation of proposed remedial actions. 

1.3 Report Organization 
This RAP presents information regarding environmental conditions at the site and proposed 
remedial actions to address site-related risk to human health and the environment. The 
remainder of this RAP is organized as follows: 

• Section 2 presents background information relevant to the scope of this RAP and 
describes subsequent investigation activities conducted since the submittal of the RI 
Report and FS Report for OU-E.  

• Section 3 summarizes RAOs and chemical-specific cleanup levels for remedial actions 
in AOCs addressed in this RAP. 

• Section 4 describes the alternatives evaluated, summarizes the evaluation criteria, 
provides the recommended alternatives, and details remedy implementation for AOIs in 
OU-E. 

• Section 5 summarizes the reporting and schedule prior to, during, and following RAP 
implementation. 

• Section 6 identifies references cited throughout this RAP. 
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• Appendix A provides a listing of the Administrative Record. 

• Appendix B will provide the CEQA EIR in the Final RAP. 

• Appendix C will provide the response to public comments on the draft RAP and EIR in a 
Responsiveness Summary in the Final RAP. 

• Appendix D will provide the Statement of Reasons and the Nonbinding Preliminary 
Allocation of Responsibility in the Final RAP. 
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Section 2: Background Information 

This section presents the site setting, summarizes previous investigations and interim remedial 
measures, and provides an overview of the nature and extent of chemicals of interest (COIs). 
Chemicals that were identified as potential risk drivers in the BHHERA (Arcadis 2015b) are 
termed COC herein. The information provided is primarily based on data reported in the OU-E 
RI Report (Arcadis 2013a), BHHERA, Remedial Investigation, Operable Units C and D (OU-C 
and D RI Report; Arcadis 2011a), Feasibility Study, Operable Units C and D (Arcadis 2012a), 
OU-E FS (Kennedy Jenks 2019a), and Operable Unit D and Operable Unit E Groundwater 
Operation & Maintenance Plan (OU-D/E GW O&M Plan; Kennedy Jenks 2020a). 

2.1 Site Setting 
This section presents the site setting in terms of land use, ecology, climate, geology, 
hydrogeology, occurrence of groundwater, surface water hydrology, and cultural resources. 

2.1.1 Geology and Hydrogeology 

2.1.1.1 Regional 
Fort Bragg is located along the northern California coastline within the Coast Range geomorphic 
province. The regional geology consists of complexly folded, faulted, sheared, and altered 
bedrock. The bedrock of the region is the Franciscan Complex of Cretaceous to Tertiary (late 
Eocene) age (40 to 70 million years old). The Franciscan Complex comprises a variety of rock 
types. In the north coast region, the Franciscan Complex is divided into two units: the Coastal 
Belt and the Melange. In Mendocino County, the Melange lies inland and is an older portion of 
the Franciscan Complex, ranging in age from the Upper Jurassic to the late Cretaceous. The 
Coastal Belt consists predominantly of greywacke sandstone and shale. 

Besides the Coastal Belt, other geologic units present in Fort Bragg and in the vicinity include 
surficial deposits of beach and dune sands, alluvium, and marine sediments. As discussed 
below, the most important of these at the site are the marine sediments, which cut bedrock 
surfaces along the coast and form much of the coastal bluff material overlying bedrock. Artificial 
fill (reworked native soil or imported material) is also prevalent at the site. 

The surficial geology of the site and environs is depicted on Figure 2-5. The site is underlain by 
Quaternary (less than 1.5 million years old) marine sediments deposited in thicknesses up to 
30 feet on wave-cut surfaces parallel to the coast (Blackburn Consulting, Inc. 2006). These 
surfaces were created during the Pleistocene Epoch, when sea level fluctuations caused by 
glaciation created a series of terraces cut into the Franciscan bedrock by wave action (BACE 
Geotechnical 2004). The marine sediments comprise poorly to moderately consolidated silts, 
sands, and gravels, and in some locations, are overlain by a 3- to 4-foot-thick mantle of topsoil 
or up to a 20-foot-thick layer of artificial fill (BACE Geotechnical 2004). Both the topsoil and fill 
are generally relatively coarse in texture, ranging primarily from sandy silts to gravel. The 
marine sediments are also generally coarse, but appreciable thicknesses of finer materials are 
also found onsite. Beneath these Pleistocene materials are the Tertiary-Cretaceous rocks 
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(approximately 65 million years old) of the Coastal Belt, composed of well-consolidated 
sandstone, shale, and conglomerate. 

2.1.1.2 OU-E Specific 
The shallow subsurface of the terrestrial portions of OU-E contains up to three lithologic units: 
artificial fill, marine sediments, and bedrock. 

2.1.1.2.1 Artificial Fill 
Soil borings, test pits, and potholes completed in the terrestrial portions of OU-E identified 
artificial fill in most areas. In general, the fill consists of reworked marine sediments with foreign 
materials. It can be generally characterized as coarse-textured material (silty sands to silty 
gravels), often containing wood chips, bark, ash, sawdust, brick, scrap metal, charcoal, and 
plastic. Fill thicknesses greater than 30 feet below ground surface (bgs) have been observed 
along the eastern edges of Ponds 6 and 8, but thicknesses on the order of 5 to 10 feet bgs are 
more common in the terrestrial areas and around the ponds in Parcel 7. 

2.1.1.2.2 Marine Sediments and Bedrock 
Marine sediments and bedrock underlie the artificial fill (where present) in OU-E. As with other 
portions of the site, Franciscan bedrock is present beneath the upland portions of OU-E but 
based on lithological information available from borings advanced at the site, its surface 
undulates and depths to bedrock can vary widely over short lateral distances. For example, 
within a 350-foot distance along the eastern edge of Pond 8, depths to bedrock vary from less 
than 10 feet bgs to greater than 40 feet bgs. Bedrock depths are generally shallow 
(approximately 10 feet bgs) near the ponds in Parcel 7, but in the formerly developed areas of 
Sawmill #1 and the Powerhouse, bedrock depths are generally no less than 30 feet bgs. In 
some locations around the margins of Pond 8, marine sediments are completely absent and 
artificial fill is in direct contact with bedrock.  

2.1.1.3 OU-C and OU-D Specific (Riparian AOI, IRM AOI, and West of IRM AOI) 
Similar to OU-E, the shallow subsurface of OU-C and OU-D in areas transferred to OU-E 
contains up to three lithologic units: artificial fill, marine sediments, and bedrock. The artificial fill 
thickness has been measured up to 18 feet bgs within Parcel 5, which includes the IRM AOI 
and the West of IRM AOI. The Riparian AOI lies on the eastern edge of Parcel 7, where fill 
thicknesses are typically 10 feet bgs. Similar to OU-E, marine sediments and bedrock underlie 
the artificial fill in OU-C and OU-D. The bedrock surface has been observed to range between 
approximately 10 and 30 feet bgs. 

2.1.2 Hydrology 

2.1.2.1 Regional 
The regional hydrogeologic setting of the Mendocino County coast has been presented in the 
Mendocino County Coastal Ground Water Study (California Department of Water Resources 
1982). The site is located in the western coastal area of the county, which was divided into five 
subunits in the study: Westport, Fort Bragg, Albion, Elk, and Point Arena, separated by the 
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major rivers that discharge to the Pacific Ocean. The study included all areas where coastal 
terrace deposits had been mapped. The site is located within the Fort Bragg subunit, which 
extends from Big River to the south to Ten Mile River to the north. 

Fresh groundwater is primarily obtained from shallow wells in the semi-consolidated marine 
terrace deposits or through municipal or privately-owned water systems. These water systems 
divert surface flow and springs or tap shallow alluvial aquifers. A combination of wells and 
surface water diversions is commonly necessary to provide adequate supply year-round. 

2.1.2.2 Site Groundwater Occurrence and Hydraulic Properties 
Based on quarterly monitoring from 2004 to 2012 and semi-annual monitoring from 2013 to 
2019, groundwater generally flows radially at the site toward Fort Bragg Landing and the Pacific 
Ocean (Figure 2-6) under average horizontal hydraulic gradients ranging from approximately 
0.016 foot per foot (ft/ft) to 0.094 ft/ft (Kennedy Jenks 2020a). Groundwater elevations tend to 
range from approximately 7 to 91 feet relative to the Northern American Vertical Datum of 1988 
(NAVD 88). Depending on the location, seasonal fluctuations in groundwater levels of up to 
12 feet have been observed. Figure 2-6 provides the groundwater contour map for groundwater 
wells in OU-E based on water elevations measured in February 2019.  

2.1.2.3 Groundwater Use 
Groundwater is not currently used at the site. Groundwater in OU-E is generally relatively 
shallow. Most areas of OU-E, particularly all of the OU-E lowland, are close to the ocean and 
groundwater use may promote salinity and the potential to promote saltwater intrusion. Further, 
groundwater use in the OU-E lowland would dewater the existing groundwater-fed wetlands and 
wetland destruction in these areas would not be acceptable to applicable permitting agencies. 
Therefore, groundwater use for municipal or industrial purposes in OU-E is not expected, 
particularly in the shallow zones in the current monitoring program. The City allows the use of 
groundwater only for non-potable landscaping irrigation. Additionally, as presented in the OU-E 
FS and discussed in Section 4.1.6, the recommended alternative for OU-E Groundwater 
includes restriction of groundwater use as defined by a Land Use Covenant (LUC). 

2.1.3 Surface Water Hydrology 
Figure 1-3 identifies the locations of 10 man-made ponds (Ponds 1 through 9 and the North 
Pond) ranging in size from 0.1 acre to 7.29 acres. The ponds served operational purposes, and 
Pond 8 also provides stormwater management for the City. Water transfer into and among the 
ponds was an integral part of the operational history of the site. Figure 1-7 provides a schematic 
illustration of surface water flow at the site. More information on use of the ponds during 
historical site operations was presented in the OU-E FS. 

Most waters and wetland features rely on direct precipitation and surface water runoff. Some 
wetland seep features receive groundwater discharge as well. Waters and wetlands in this area 
lack a direct hydrologic surface connection to Fort Bragg Landing with the exception of Pond 6, 
which has a surface flow connection to Fort Bragg Landing via a corrugated high-density 
polyethylene (HDPE) culvert that discharges through the beach berm separating the OU-E 
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lowland from Fort Bragg Landing. Runoff into the OU-E lowland also occurs from impervious 
surfaces (i.e., asphalt and concrete) in the higher elevation areas located to the north and east.  

Pond 8, also known as the Log Pond or Mill Pond, was created in the late 1800s by the 
damming of Maple and Alder Creeks. Pond 8 receives stormwater runoff from the Mill Site, the 
City, and overflow from Pond 5. It is estimated that approximately 50 to 60 percent of the 
stormwater runoff entering the pond comes from the City, depending on storm conditions and 
magnitude (Arcadis 2012b). Water from Pond 8 discharges over the dam spillway to the beach 
adjacent to Fort Bragg Landing.  

In the past, the Southern Ponds (Ponds 1 through 4) received water from site operations. 
Currently, the Southern Ponds capture rainfall, stormwater runoff and some groundwater seeps. 
The bottom elevation of Pond 1 lies above the groundwater table, making Pond 1 seasonal and 
dry for a portion of the year. Ponds 2 and 4 are also seasonal, but have some groundwater input 
as the water table can rise above the pond bottom during the rainy season. The southeastern 
and northwestern portions of Pond 3 generally have groundwater infiltration year-round. 

Pond 5 currently receives runoff from the Lyme Timber Office area located to the north of the 
Pond. Pond 9 historically received surface water pumped from Pudding Creek to supply water to 
hydrants for firefighting; water is no longer pumped from Pudding Creek to Pond 9. 

2.1.4 Biological Setting 
The majority of OU-E, along with the IRM AOI and West of IRM AOI, was previously developed 
industrial land characterized by large areas covered with structures/foundations, asphalt, 
crushed rock, or a mixture of both. Weedy ruderal vegetation is occasionally observed in these 
areas [WRA Environmental Consultants (WRA) 2005]. 

Within OU-E, identified wetlands and waters include ponds and ditches used in former sawmill 
operations and seasonal wetlands1, and wetland seeps2 (Figures 2-2, 2-3, and 2-4). Most of the 
ponds at the site are dominated by species typical of freshwater marshes, although a few 
consist of open water with less than 5 percent cover by vegetation.  

Two environmentally sensitive habitat area (ESHA) delineation efforts occurred to identify “any 
area in which plant or animal life or their habitats are either rare or especially valuable because 
of their special nature or role in an ecosystem and which could be easily disturbed or degraded 
by human activities and developments” [California Coastal Commission (CCC) definition; CCC 
2000]. In 2009, WRA delineated 20 waters, including wetlands, totaling 13.31 acres, including 
Ponds 1 through 9 and the North Pond (classified as industrial ponds), and three wetland seeps 
on the vegetated slope of the northern portion of OU-E (Wetlands B, C, and D, shown on 
Figure 2-3; WRA 2009).  

 
1 Seasonal wetland plant communities occur in depressions that are inundated during the rainy season for sufficient 
duration to support vegetation adapted to wetland conditions. 
2 Freshwater seep plant communities are wetlands containing perennial and annual herbs, including sedges and grasses, 
which occur in areas that receive perennial or semi-perennial hydrological input as a result of subsurface flow of water. 
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In 2010, Arcadis identified three wetland seeps (the eastern portion of Wetland E-1, Wetland 
E-3, and Wetland E-8) and four seasonal wetlands in OU-E (the western portion of Wetland E-1, 
Wetland E-2, Wetland Complex E-5 and E-6, and Wetland E-7; Figure 2-3). One additional 
wetland classified as an industrial pond (Wetland E-4) was identified in a concrete-lined pit that 
was a remnant of a demolished building. Additional discussion of these areas is included in the 
Environmentally Sensitive Habitat Areas Delineation Report (Arcadis 2011b). 

In 2017, Wetland E-6 was expanded by the wetland establishment area as part of mitigation for 
remedial actions completed in 2017. The expansion of the existing wetland was presented in the 
Wetland Establishment Area Annual Report and As-Built Conditions for Georgia-Pacific Fort 
Bragg Mill Site (WEA Report; Kennedy Jenks 2018b). Mitigation monitoring for Year 1 (ESA 
2018) and Year 2 (ESA 2020) has been completed.  

Additional biological assessment is discussed in Section 2.4.2.  

2.1.5 Cultural Resources 
TRC (2003, Undated #1, and Undated #2) conducted archival research and archeological 
surveys of the site and found that portions of the site are considered likely to contain intact 
prehistoric deposits, as well as historic sites. Areas that are likely to contain historic deposits are 
important in understanding the early settlement and development of the local community, as 
well as the lumber operations onsite. 

Within OU-E, TRC identified moderate to high potential for prehistoric resources in the lowland 
terrestrial area. The area nearest Fort Bragg Landing was identified as having a high potential 
for prehistoric cultural resources. Although subsequent industrial activities may have destroyed 
prehistoric deposits near Fort Bragg Landing, the road and sea wall may have preserved 
possibly significant prehistoric cultural resources. OU-E was also identified as having high 
potential for historic resources. Historic buildings and infrastructure associated with past milling 
operations are found throughout the lowland terrestrial area (TRC 2003). 

No prehistoric sites were identified in the IRM AOI and the West of IRM AOI. TRC identified 
moderate potential for subsurface historic resources within the IRM AOI and the West of IRM 
AOI.  

Within OU-D, the area identified by TRC that is considered to have a high potential to contain 
prehistoric cultural remains is the wooded area (Riparian AOI) on the eastern side of the site 
adjacent to the nursery. This AOI has been largely untouched by the industrial development that 
occurred on the other portions of the site. Most of the Riparian AOI was categorized as having 
moderate potential for historic resources, with the exception of a small area on the southwestern 
boundary of the Riparian AOI. This area may contain debris that may relate to earlier phases of 
lumber operations (TRC 2003). 

2.2 General Site History of OU-E 
According to historical records, Union Lumber Company (ULC) began sawmill operations at the 
site in 1885. Georgia-Pacific acquired the site in 1973 and ceased lumber operations on 
8 August 2002. Most of the equipment and structures associated with the lumber production 
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have since been removed. Industrial operations at the site included lumber production and 
power generation by burning residual bark and wood. 

As defined in the Order, OU-E (ponds/park) is within the Upland Zone (OU1). The Upland Zone 
is the elevated land beginning from the inland edge of the Coastal Trail and Parkland Zone 
(OU-A) and moving inland. OU-A forms the western boundary of OU-C and OU-D; OU-A 
received closure from the DTSC in December 2009 and was transferred to the City in January 
2010. OU-E includes portions of the following Assessor’s Parcel Numbers (APN): 008-020-15, 
008-161-08, 008-170-07, 008-170-06, 018-010-67, 018-020-01, and 018-430-21. The IRM and 
West of IRM AOIs were added from OU-C and the Riparian Area AOI was added from OU-D. 
The total acreage for OU-E is approximately 67 acres and includes 10 man-made ponds (Ponds 
1 through 9 and the North Pond) that range in size from 0.1 acre to 7.29 acres.  

Based on a review of historical information, the COIs potentially associated with the former 
industrial activities at OU-E are primarily metals, polycyclic aromatic hydrocarbons (PAHs), total 
petroleum hydrocarbons (TPH) and other fuel-related hydrocarbons, polychlorinated dibenzo-p-
dioxin/polychlorinated dibenzofuran (dioxins/furans), polychlorinated biphenyls (PCBs), and 
volatile organic compounds (VOCs).  

Much of the terrestrial portion of OU-E is situated in an area of lower elevation north of Pond 8, 
just east of the offshore area known as Soldier Bay, also known as Fort Bragg Landing. This 
area is approximately 20 to 40 feet lower in elevation than the remainder of the site. Most 
industrial features within OU-E have been removed, with the exception of a few smaller features 
shown on Figure 1-4. With the exception of these remaining industrial features, OU-E is 
generally vacant. There are no active structures or uses in the terrestrial area and the primary 
use of the aquatic areas, specifically Pond 8, is to provide stormwater management prior to 
discharge to the ocean. While foundations of former buildings remain in certain portions of this 
area, there has been extensive investigation of these areas. Public coastal trails extending both 
north and south of Fort Bragg Landing were opened in 2014 and 2016, respectively. The 
northern and southern portions of the public coastal trail were connected through OU-E in 2018. 
The trail corridor was fenced by the City to exclude trespassing onto the remainder of the Mill 
Site. The foreseeable future use of OU-E is as continued stormwater management facilities, 
open space, and recreational trail development. The City’s Land Use Plan prepared in 2017 
during the Mill Site rezoning process3 is presented on Figure 2-1. The site is fenced and locked 
to restrict trespassers. 

ESHAs4 comprise approximately one-fifth of the OU-E lowland and approximately one-third of 
the remaining area. 

 
3 https://city.fortbragg.com/DocumentCenter/View/6973/MSSP-Land-USE-PLAN-1C-1-2018?bidId=. Accessed 

7 October 2020. 
4 ESHAs are referred to as "environmentally sensitive habitat area[s]" in Section 30107.5 of the California Coastal Act 
and are defined as "any area in which plant or animal life or their habitats are either rare or especially valuable 
because of their special nature or role in an ecosystem and which could be easily disturbed or degraded by human 
activities and developments". ESHAs in OU-E include wetland and open water habitats. Regulatory protection of 
ESHAs in the California Coastal Zone ultimately falls under the jurisdiction of the California Coastal Commission 
(CCC). The City administers CCC Coastal Act jurisdiction for the site under their Local Coastal Program. 

https://city.fortbragg.com/DocumentCenter/View/6973/MSSP-Land-USE-PLAN-1C-1-2018?bidId=
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2.2.1 OU-E Areas of Interest 
OU-E was divided into 13 AOIs based on historical use and data derived from previous 
investigations (Figure 1-3): 

1. Water Treatment and Truck Dump AOI 

2. Sawmill #1 AOI 

3. Compressor House and Lath Building AOI 

4. Powerhouse and Fuel Barn AOI 

5. Pond 8 Fill Area AOI 

6. Pond 8 AOI 

7. Pond 6 and North Pond AOI 

8. Pond 7 AOI 

9. Southern Ponds AOI 

10. Ponds 5 and 9 AOI 

11. West IRM AOI 

12. IRM AOI 

13. Riparian AOI. 

Four of these AOIs (Water Treatment and Truck Dump AOI, Sawmill #1 AOI, Compressor 
House and Lath Building AOI, Powerhouse and Fuel Barn AOI) are collectively discussed as the 
OU-E Lowland Terrestrial Soil AOI and two of these AOIs (West IRM AOI and IRM AOI) are 
collectively discussed as the OU-E Groundwater AOC. The remaining seven AOIs are assessed 
individually. One AOI received an NFA determination in the RI Report, one AOI received an 
NFA determination in the BHHERA, and five AOIs received NFA determinations in the RACR. 
Five AOCs were evaluated in the OU-E FS; Remedial Actions for the five AOCs are discussed 
in this RAP. Table 2-1 and Figures 1-5 and 1-6 summarize the status of all AOIs/AOCs in OU-E.  

2.2.1.1 AOIs with No Further Action Determination during Remedial Investigation 
In the RI Report, an analysis of the nature and extent of COCs in AOIs resulted in one 
recommendation for NFA (Pond 8 Fill Area AOI). DTSC approved the Pond 8 Fill Area AOI for 
NFA (DTSC 2013b). 
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2.2.1.2 AOIs Recommended for NFA 
The OU-E RI found that Ponds 5 and 9 have no known industrial use, and historical and RI 
sediment results indicate concentrations of TPHg, TPHmo, and PCBs in sediment are below 
OU-E RI primary screening levels (PSLs). Acetone was detected above PSLs in pond sediment 
samples. PAHs and dioxins/furans were detected above PSLs in one sample, collected from the 
surface in Pond 5. Six metals were detected above PSLs, with the majority of exceedances 
collected from Pond 5. None of the metal concentrations exceeds the human health PSL and 
most of the metal concentrations (with the exception of copper) were within the same order of 
magnitude as the ecological PSL or background concentration. Source classification evaluation 
indicates that dioxin/furan concentrations in Pond 5 and Pond 9 are consistent with 
ambient/mixture sources. The OU-E RI identified Ponds 5 and 9 as needing further evaluation in 
the OU-E BHHERA. 

Sediment in Pond 5 and Pond 9 was evaluated in the BHHERA risk assessment in accordance 
with the recommendations in the OU-E RI. Based on the evaluation, the occasional adult 
recreator hazard index (HIs) and excess lifetime cancer risks (ELCRs) for Pond 5 and Pond 9 
considering a 50 day per year exposure frequency are below 1 and 1 x 10-6 respectively. As 
presented in the OU-E FS (Section 2.2.6.2), Pond 5 and Pond 9 were not evaluated in the OU-E 
FS because the ELCR for Pond 5 and Pond 9 was below the risk management threshold of 1 x 
10-6. Pond 5 AOI and Pond 9 AOI are appropriate to be approved for no further action.  

2.2.1.3 AOIs Approved for NFA in the RACR  
As presented in the RACR (Kennedy Jenks 2018a), remediation of the hot spots identified in the 
BHHERA (Arcadis 2015) and recommended for excavation and disposal in the OU-E RAW 
(Arcadis 2016a) was completed in 2017. Excavation activities were completed in OU-E within 
the Lowland Terrestrial AOC, Pond 7 AOC, Southern Ponds (Ponds 2 and 3) AOC, and the 
Riparian AOI. After completion of excavation activities, residual COC concentrations at the 
Riparian Area AOI are below the residential screening criteria on a point-by-point basis, and 
therefore, NFA was recommended for the Riparian Area AOI in the RACR. EPCs for the 
remaining OU-E AOCs (Southern Ponds AOC, Pond 7 AOC, and Lowland Terrestrial AOC) 
were recalculated and compared to residential screening criteria. The Lowland Terrestrial AOC 
EPCs meet residential screening criteria, and therefore, the Lowland Terrestrial AOC was also 
recommended for NFA for soil in the RACR. The OU-E Lowland Terrestrial Soil AOC and 
Riparian AOI were approved for NFA by DTSC (DTSC 2018).  

2.2.1.4 AOCs Evaluated in the Feasibility Study 
The OU-E FS evaluated remedial alternatives for the following five AOCs. This list includes the 
affected media and COCs identified in the OU-E FS for each AOC.  

1.  Southern Ponds (Ponds 1-4) AOC 

a. Aquatic sediment: dioxins, arsenic 

2. Pond 7 AOC 

a. Aquatic sediment: dioxins, arsenic, barium 



 

OU-E Remedial Action Plan, Fort Bragg Mill Site 13 
\\sfo\groups\is-group\admin\job\16\1665018.20_gp\09-reports\ou-e_rap\draft_remedial_action_plan_ou-e_rev10082020.docx 

3. North Pond and Pond 6 AOC 

a. Aquatic sediment: dioxins, arsenic 

4. Pond 8 AOC 

a. Aquatic sediment: dioxins, arsenic 

5. OU-E Groundwater AOC 

a. IRM and West of IRM AOIs 

i. Groundwater: TPHd, TPHg 

b. OU-E Lowlands AOI 

i. Groundwater: barium. 

Background information for the AOCs evaluated in the FS is presented in the following sections. 

2.2.1.5 Southern Ponds (Ponds 1-4)  
Ponds 1 through 4 (a total of 2.8 acres), collectively known as the Southern Ponds, were a 
series of treatment ponds related to the operation of the former Powerhouse (Figure 1-7). Based 
on aerial photographs, Ponds 1 – 3 were constructed between 1973 and 1996. Ponds 1 
through 4 were settling ponds that treated water received from Pond 7 (see Section 2.2.1.6). 
Pond 4 was created in 1996 to receive water from Pond 7 and was dredged once or twice 
annually from 1996 to 2002. The dredged material was placed in the former ash pile area 
located east of the Southern Ponds and removed in 2006. The Southern Ponds discharge to the 
southwestern end of Pond 8 through a culvert system. Exposure point concentrations (EPCs) 
for the Southern Ponds AOC are presented in Table 2-2. 

2.2.1.6 Pond 7 
Pond 7 (0.13 acre) received effluent from the wet scrubbers operating in the former Powerhouse 
power plant (Figure 1-7). From approximately the mid-1970s up until 1996, fly ash emissions 
from the boilers were controlled by multi-cyclone collectors, followed by wet scrubbers. 
Scrubber water from the boilers contained fly ash and was piped to two dewatering slabs where, 
after drying the residual, fly ash was placed in a dump hopper for removal and placement at an 
offsite location. Water on the dewatering slabs that did not evaporate was conveyed to Pond 7, 
and then pumped to Ponds 1 through 4 for further treatment. Pond 7 also received water from 
the dewatering slabs and wash water from the Powerhouse, as well as groundwater and surface 
water runoff from the Powerhouse area. EPCs for the combined dataset of Pond 6, Pond 7, and 
North Pond are presented in Table 2-2. 

2.2.1.7 North Pond and Pond 6 
Pond 6 (0.17 acre) collects stormwater runoff during winter storm events and also receives 
discharge from the North Pond and drainage water from Parcel 2. When the plant was 
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operational, water from Pond 6 (when full) would be pumped to Pond 7 and subsequently to 
Ponds 1 through 4 when full. There is also an overflow culvert in Pond 6 that allows discharge of 
stormwater to Fort Bragg Landing (Figure 1-7). 

The North Pond (0.06 acre) was formerly used as a settling basin for water used during the 
operation of the hydraulic debarker. Water from surface runoff from the surrounding uplands to 
the north currently enters the North Pond via a culvert on its eastern side and discharges to 
Pond 6 via a culvert (Figure 1-7). EPCs for the combined dataset of Pond 6, Pond 7, and North 
Pond are presented in Table 2-2. 

2.2.1.8 Pond 8  
Pond 8 (7.3 acres), also known as the Log Pond, was created in the late 1800s by the damming 
of Alder and Maple Creeks (Figure 1-7). The size of Pond 8 has changed over time. Based on 
aerial photographs, the earliest documented size of Pond 8 was approximately 13.23 acres, and 
minimal changes in pond size occurred until after 1966 when several fill operations occurred. 
Pond 8 is currently approximately 7.3 acres. Additional details about these modifications or 
historical Pond 8 maintenance dredging or fill are not documented in available site historical 
information. Pond 8 receives stormwater runoff as well as overflow from Pond 5. Water from 
Pond 8 discharges over the dam spillway to the beach adjacent to Fort Bragg Landing. The total 
contributing watershed to Pond 8 is approximately 417 acres, consisting of 190 acres (including 
Pond 8 itself) within the Mill Site property and 227 acres outside the Mill Site property (related to 
stormwater management for the City). Total direct rainfall to the surface of the pond is less than 
2 percent of the total inflow to the pond. EPCs for the Pond 8 AOC are presented in Table 2-2. 

2.2.1.9 OU-E Groundwater 

2.2.1.9.1 IRM AOI 
The IRM AOI is located directly south of Pond 5 (Figure 1-3). The AOI was dominated by the 
Former Parcel 5 Mobile Equipment Shop (MES) and adjacent buildings, such as the Former 
Tire Shop, the Former Washdown Building, and the Former Fuel Storage and Dispenser 
Building. A truck wash pit was formerly located southwest of the Former Fuel Storage and 
Dispenser Building. 

The Former Parcel 5 MES historically housed tanks containing petroleum solvent, acetylene, 
and oxygen. In addition, the Former Parcel 5 MES contained an old diesel dispenser, a former 
paint storage room at the northwestern corner of the building interior, a former oil change waste 
pit in the northern portion of the building interior, and a room that formerly housed an air 
compressor north of the fuel dispenser at the building exterior. Within the building were two 
sheds that were used for chemical storage, including lube oil, waste oil, used oil filters, 
transmission fluid, hydraulic fluid, grease, and antifreeze. At the time of AME’s (2005a) 
additional investigation work, the western shed contained 1,100 gallons of tractor hydraulic fluid 
and 330 gallons of lube oil in the form of six 55-gallon drums. Prior to this, the shed contained 
four 27-gallon aboveground storage tanks (ASTs) (three containing hydraulic fluid and one 
containing transmission fluid); five plastic and metal 55-gallon drums containing gear lube oil, 
used oil, waste-paint-related material, used oil filters, and lube oil; and two open 55-gallon 
drums, cut in half, that contained used oil, oil-stained cardboard, oil-stained spill pads, and 
booms. A concrete-lined pit covered by a perforated steel plate was also located in the shed. 
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Water and sludge collected in the pit and were periodically removed. An AST was also formerly 
located just outside the southwestern corner of the building. The Former Parcel 5 MES was 
demolished in summer 2007. 

The Former Tire Shop was a 40-foot by 50-foot building located west of the southern end of the 
Former Parcel 5 MES. It was constructed between the late 1980s and early 1990s. Maps and 
photographic evidence from 1963 to 1982 show a different building in this location, but there are 
no records pertaining to its use (AME 2005). The Former Tire Shop was demolished in summer 
2007. 

The Former Washdown Building was located immediately southeast of the Former Parcel 5 
MES and contained three sumps. One was located in the northwestern corner of the building, 
one near the center of the building, and another in the southern portion of the building next to 
the fuel island. A recycled AST was also located in this area. North of the building was an area 
with surface staining and a drainage area. The Former Washdown Building was demolished in 
summer 2007. 

The Former Fuel Storage and Dispenser Building was the southernmost building in Parcel 5. It 
housed four ASTs that were used to store lube oil, unleaded gas, diesel, and waste oil. Piping 
from the northwestern corner of the Former Fuel Storage and Dispenser Building ran 
underground from the waste oil and lube oil ASTs northward along the western side and to the 
northwestern corner of the Former Parcel 5 MES. An additional covered trench for compressed 
air piping ran from the Former Fuel Storage and Dispenser Building to the Former Washdown 
Building. The piping entered the Former Parcel 5 MES and was formerly connected to an 
interior oil fuel dispenser adjacent to the former paint storage room. The Former Fuel Storage 
and Dispenser Building was demolished in summer 2007. 

Southwest of the Former Fuel Storage and Dispenser Building was the location of the Former 
Truck Wash Pit. The 1981 plant drain map (Georgia-Pacific 1981) shows an oil trap, sump, and 
wash rack in this area. The pit was open but is now backfilled. The Phase I Environmental Site 
Assessment (ESA; TRC 2004a) identified an oil trap in this area and there may have been a 
separator associated with the pit. 

An interim action involving the excavation of impacted soils from this area (Arcadis 2008b) was 
completed in 2009. Impacted soils were removed, and clean, treated soils were backfilled into 
this area (Arcadis 2010a). The interim action is discussed in further detail in Section 2.5.1. 

2.2.1.9.2 West of IRM AOI 
The West of IRM AOI is bounded by the IRM delineation on the east, the OU-D delineation on 
the south, and the OU-E delineation on the west (Figure 1-3). It extends no further north than 
the IRM. An interim action (Arcadis 2008b) completed in 2009 extended into this AOI. Impacted 
soils were removed, and clean, treated soils were backfilled into this area (Arcadis 2010a). The 
interim action is discussed in further detail in Section 2.5.1. 
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2.3 Conceptual Site Model 
The conceptual site model (CSM) describes the relationship between chemical sources, 
migration pathways, exposure routes, and possible exposure pathways for human and 
ecological receptors potentially present in AOIs within OU-E selected for remedial activity 
evaluation in the RI Report. 

2.3.1 Sources of Chemicals 
During normal operations in OU-E, several substances that could be considered hazardous if 
released into the environment were used. These substances included, but may have not been 
limited to, petroleum hydrocarbons, asbestos, PCBs, lead [including from lead-based paint 
(LBP)] and other metals, various VOCs and semi-volatile organic compounds (SVOCs), 
cyanide, and dioxins/furans (associated with fly ash). A few areas contained transformers and 
had drum and other hazardous materials storage. Water treatment chemicals were used, as 
well as small quantities of solvents and hydraulic fluids.  

2.3.2 Chemicals of Interest  
COIs are chemicals that could potentially be associated with the products, materials, and 
wastes used or generated at the facilities discussed above in Section 2.3.1. The primary 
chemical constituent/product used across the site was petroleum (BBL 2006). Onsite tanks and 
drums stored diesel, motor oil, fuel oil, lube oil, hydraulic oil, and dielectric oil (a petroleum-
based electrical insulating oil). Jet fuel and gasoline were also used at specific locations. Other 
chemicals used onsite included antifreeze and transmission fluids for vehicle servicing, water 
treatment chemicals, small quantities of acids/bases, solvents, paint, and paint thinners. Some 
acetylene and oxygen tanks were located onsite. 

Mill site-related sources of dioxins/furans in soil and sediment include fly ash derived from 
burning redwood bark in the hog fuel boiler, which was used to generate electricity for facility 
operations. During a 1- to 2-year period of time just prior to cessation of mill operations, 
“municipal wood” was also burned in the hog fuel boiler because the mill was scaling back 
operations and not enough redwood bark was available to provide power to the grid. Municipal 
wood was obtained from landfills and includes wood derived from various activities, such as 
construction and demolition.  

2.3.3 Fate and Transport 
In OU-E, the primary potential migration pathways are direct releases to surface and subsurface 
soil, infiltration of rainwater and percolation of groundwater, surface water runoff, and dust 
generation. Releases from subsurface features such as underground storage tanks (USTs) or 
sumps are directly to the subsurface soil. Impacts in the subsurface soil can affect shallow 
groundwater beneath the site. Dissolved constituents can be transported downgradient as a 
result of advective groundwater flow. Pond 8 also receives stormwater runoff from portions of 
the Mill Site via surface sheet flow and the City via the City’s stormwater collection system. 
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2.4 Previous Remedial Investigations  
This section describes previous environmental investigations, biological assessment, IRMs, 
remedial investigations, and risk assessments. The dataset includes analytical results from the 
previous investigations described in the subsections below. The data discussed herein have 
been previously presented in the RI Report and the FS, as well as other documents. 

Investigation data collected prior to January 1998 were excluded as they have not been formally 
validated and have limited quality assurance/quality control information. Additionally, their age is 
a concern for characterizing current site conditions. Data from the investigations presented 
below were found usable, with the exception that additional data validation was required and 
completed for the data collected from January 1998 to March 2005, which did result in the 
qualification of a few analytical data points (Arcadis 2010b). These data were used in the OU-E 
work plans (Arcadis BBL 2007b, 2007c; Arcadis 2010b, 2013b, 2014), OU-E RI Report, and 
BHHERA in order to adequately characterize the nature and extent of COCs in OU-E and 
associated AOIs (IRM, West of IRM, and Riparian AOIs formerly associated with OU-C 
and OU-D). 

2.4.1 Environmental Investigations 
This section summarizes environmental investigations conducted at the site relevant to OU-E, 
including LBP investigations, Phase I and Phase II environmental assessments, 2004 and 2005 
additional site assessments, and groundwater monitoring. 

2.4.1.1 Lead-Based Paint Investigation  
In January 1998, TRC conducted a preliminary investigation of surface and shallow subsurface 
soil to evaluate paint on select buildings for elevated lead levels and to evaluate whether 
chemicals associated with site operations were present in subsurface soil in the areas 
scheduled for demolition in Parcels 3, 4, and 5 (TRC 1998). 

2.4.1.2 Phase I Environmental Site Assessment  
TRC performed a Phase I ESA of the site between 2002 and 2004 (TRC 2004a). The Phase I 
ESA included visual inspections of each parcel; a site history survey, including historical 
Sanborn® maps, historical U.S. Geological Survey maps, and aerial photograph review; 
personal, telephone, and written communication with local and county regulatory agencies; 
interviews with current and past Georgia-Pacific employees with historical operational 
knowledge of the site; and a computer database search of sites with known environmental 
concerns within a 1-mile radius of the site.  

As part of the Phase I ESA, Hygienetics Environmental Services, Inc. (Hygienetics) conducted 
an additional asbestos and LBP investigation in late 2002. Samples from the upland portion of 
OU-E were found to contain LBP in the Water Treatment Plant Building, the Chipper Building, 
Sawmill #1 Building, Compressor House 1, and the Powerhouse Building at concentrations up 
to 17,000 parts per million (ppm) lead (Hygienetics 2003). 
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2.4.1.3 Phase II Environmental Site Assessment  
TRC conducted a Phase II ESA to characterize site soils and groundwater in the AOIs identified 
in the Phase I ESA, and to refine the understanding of the nature and extent of affected media. 
Preliminary Phase II activities were conducted in March and April 2003. Supplemental Phase II 
activities were conducted in December 2003 and January 2004. Activities included the 
installation of seven monitoring wells within OU-E. The results were presented in the Phase II 
ESA report (TRC 2004b). 

2.4.1.4 2004 Additional Site Assessment  
TRC conducted additional assessment activities pursuant to recommendations for follow-up 
assessment presented in TRC’s Phase I and Phase II ESAs. The additional site investigation 
included the completion of pothole investigations, geophysical investigation, and soil borings for 
the purpose of collecting additional soil samples, and to investigate surface anomalies and 
potential waste deposit areas. The results of the additional site assessment were presented in 
the Additional Site Assessment Report (TRC 2004c). 

2.4.1.5 2005 Additional Site Assessment  
In 2005 and 2006, AME conducted additional site assessment work, including additional soil 
and groundwater sampling, geophysical surveys, and the installation of additional groundwater 
monitoring wells. Activities were conducted in general accordance with the Work Plan for 
Additional Site Assessment (AME 2005). Analytical data were reported in the Dioxin Sampling 
and Analysis Report (AME 2006a) and the Data Transmittal Report (AME 2006b). 

2.4.1.6 Pond Sediment Investigations 

2.4.1.6.1 2008 Pond Sediment Investigations 
Arcadis conducted pond sediment sampling activities in March 2008, as described in the Data 
Summary Report, Operable Unit E Pond Sediment (Arcadis 2009). These activities were 
performed in general accordance with the Preliminary Site Investigation Work Plan Operable 
Unit E – Onsite Ponds (Arcadis BBL 2007b). Sediment samples were collected from 
26 locations in Ponds 1 through 9 and the North Pond. Sediment samples were collected from 
the intervals of 0 to 0.5 foot below sediment surface (bss) and 0.5 to 1.5 feet bss and analyzed 
for COIs for which a data gap had been identified: metals, TPH as diesel (TPHd), TPH as motor 
oil (TPHmo), PAHs, PCBs, and dioxins and furans. In some locations, samples were also 
collected at depths up to 9.5 feet bss. Sample locations were selected to characterize areas not 
previously addressed during historical investigations and/or to fill data gaps related to the spatial 
and vertical distribution of specific COIs. Pond sediment sampling locations are shown on 
Figures 2-7 through 2-9. 

2.4.1.6.2 2009 Mill Pond (Pond 8) Additional Sediment Investigation 
An additional sediment sampling event was conducted in June 2009 to understand the 
magnitude and spatial extent of the COIs in Pond 8, to provide samples for sediment bioassay 
and bioaccumulation studies, and to provide paired data for estimation of site-specific 
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bioaccumulation factors. Sample methods and results are described in full in the Data Summary 
Report – Additional Investigation Pond 8 Sediment (Arcadis 2011c).  

Because surface sediment (0 to 0.5 foot bss) was identified as the primary exposure media for 
Pond 8 (Arcadis BBL 2007b, Arcadis 2009), the investigation focused on surface sediment only. 
For this investigation, nine sediment samples were collected from Pond 8 and one sample was 
collected from Pond 9 to provide a basis for comparison for the Pond 8 sediment results, as 
Pond 9 has no known associated sources of site-related COCs. Samples were analyzed for 
metals, TPHd, TPHmo, and dioxins and furans, as well as bioassay and bioaccumulation testing 
(Arcadis 2011c). Pond sediment sampling locations are shown on Figures 2-7 through 2-9.  

2.4.1.6.3 2012 Mill Pond (Pond 8) Geotechnical and Chemical Investigation 
In February and March 2012, Arcadis conducted a sediment volume survey, and geotechnical 
and chemical investigation of Pond 8 sediments to further evaluate cleanup and restoration 
options. To further characterize sediment volume, the surface area of the pond was manually 
probed at recorded coordinates, and later integrated over the surface area of the pond to 
estimate a total of 106,000 cubic yards (cy) of sediment in the pond (Arcadis 2012b). Sediment 
samples were collected and analyzed for metals and dioxins and furans. Pond sediment 
sampling locations are shown on Figure 2-7. 

Samples were also collected for geotechnical characterization. Results indicated that Pond 8 
sediment is generally classified as silty sand with an organic content between 20 and 50 percent 
and a hydraulic conductivity ranging from 1x10-7 to 4x10-7 centimeters per second, which is 
lower than what is typically observed for silty sand. Additionally, the total porosity is higher than 
what is typically observed for silty sands, suggesting that the sediment also has many clayey 
characteristics (Arcadis 2012b). 

The distribution of sediment thickness across Pond 8 and a cross-section of Pond 8, including 
both water and sediment depth and COC concentrations, is presented on Figure 2-10 through 
Figure 2-16. A statistical summary of the chemicals detected in Pond 8 was presented in the 
OU-E RI and OU-E FS. The maximum concentration of dioxin toxic equivalent (TEQ) in Pond 8 
is 247 picograms per gram (pg/g) and the EPC in the 0 – 2 feet bss range is 110 pg/g. The EPC 
is the concentration of a constituent of potential concern (COPC) in an environmental medium to 
which a potential receptor might be exposed. For dioxin TEQ, a conservatively based 95% 
upper confidence limit (UCL) on the arithmetic mean concentration was estimated using U.S. 
Environmental Protection Agency’s (EPA’s) ProUCL 4.1 software to represent the EPC, as 
described in the BHHERA. The EPC is then compared to the applicable remedial goal or used 
to calculate risk estimates. 

2.4.1.6.4 2013 Baseline Human Health and Ecological Risk Assessment Porewater 
Investigation 

Additional sampling activities completed in 2013 followed methods presented in the OU-E 
BHHERA Work Plan (ARCADIS 2013b). The purpose of the OU-E BHHERA sampling activities 
was to evaluate the bioaccessible fraction of arsenic in OU-E sediment for potential human 
health receptors and to measure partitioning of metals and PAHs in OU-E and Riparian AOI 
sediment to porewater. Data collection activities included the collection of surface sediment 
samples for analysis for arsenic speciation and total arsenic, alkylated PAHs (bulk sediment and 
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porewater), total organic carbon (TOC), black carbon, and pH and the collection of porewater 
samples for analysis for metals, major cations and anions, and alkalinity.  

Sediment data were used, along with historical site data sets, in the evaluation of human health 
and ecological risk in the human health risk assessment (HHRA). Porewater data were used in 
the ecological risk assessment (ERA) to assess potential risk to benthic invertebrates exposed 
to metals partitioning from sediment to porewater. Results of these investigations are presented 
in the BHHERA (ARCADIS 2015b) and indicate that the mobility of COPCs from the highly 
organic sediments to porewater is limited. ERA results for ponds evaluated individually indicate 
potential risk is not likely and the BHHERA ultimately concluded that unacceptable risks are not 
expected for populations of plants, benthic organisms, amphibians, birds, or mammals exposed 
to COPCs in sediment.  

2.4.1.6.5 Pond 6, North Pond, Pond 8 Sediment Sampling  
Additional sediment sampling activities were completed in 2019 in Pond 6, North Pond, and 
Pond 8 per DTSC request. The results were summarized in the Pond 6, North Pond, and 
Pond 8 Sediment Sampling Report (Kennedy Jenks 2020b), which was approved by DTSC on 
26 May 2020 (DTSC 2020b). Data collected was consistent with or lower than past results. 
EPCs were calculated for dioxin TEQ and arsenic for the western portion of Pond 8, the eastern 
portion of Pond 8, Pond 8, and a combined Pond 6, Pond 7, and North Pond dataset.  

Pond 6, Pond 7, and North Pond 

An exposure point concentration (EPC) had not been calculated for a combined Pond 6, 
Pond 7, and North Pond dataset prior to the Pond 6, North Pond, and Pond 8 Sediment 
Sampling Report. The arsenic EPC is 25 mg/kg and is within the range of concentrations used 
to calculate the background value (0.6 mg/kg to 31 mg/kg; Arcadis BBL 2007d). The dioxin TEQ 
EPC is 109 pg/g. 

Pond 8 

Arsenic EPCs for Pond 8 west (12 mg/kg), Pond 8 east (9.1 mg/kg), and Pond 8 (9.7 mg/kg) are 
approximately equal to the draft remedial goal presented in Table 3-2 (10 mg/kg). The dioxin 
TEQ EPC is lower in the west portion of Pond 8, near the ocean (58 pg/g), and higher in the 
east portion of Pond 8, near the storm drain outfalls into the pond (142 pg/g). With the addition 
of new and deeper data representative of all Pond 8 sediment, the dioxin TEQ EPC for the 
whole pond presented in the Pond 6, North Pond, and Pond 8 Sediment Sampling Report 
(107 pg/g) is less than the previously calculated value presented in the BHHERA (Arcadis 
2015). 

The Pond 6, North Pond, and Pond 8 Sediment Sampling Report concluded that site sediment 
present low risk to the offshore environment and that the additional data continued to support 
the remedial alternative recommended in the OU-E FS.  

2.4.1.7 Groundwater Monitoring  
Quarterly groundwater monitoring at the site was initiated by TRC in 2004. The monitoring 
network has varied over the years and is currently consistent with Comprehensive Monitoring 
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Program (CPM) Update Number 6 (CMP Update No. 6; Arcadis 2013c) as approved by DTSC 
in November 2013 (DTSC 2013a). In October 2017, DTSC approved 38 wells for destruction, 
including three wells in the CMP Update No. 6 monitoring network (MW-3.12, MW-5.17, and 
MW-5.19; DTSC 2017). MW-3.12 was subsequently replaced. Correcting for the wells 
destroyed in 2017, CMP Update No. 6 includes the gauging of 16 groundwater monitoring wells 
(five of which are located in OU-E) and sampling of 15 groundwater monitoring wells (four of 
which are located in OU-E). In June 2020, DTSC approved an additional 20 wells for 
destruction, including three injection wells (Kennedy Jenks 2020c; DTSC 2020c). The 
comprehensive groundwater monitoring dataset for the site, including all data collected through 
the first quarter of 2019 from active groundwater monitoring wells, is presented in the First 
Semi-Annual 2019 Groundwater Monitoring Report (Kennedy Jenks 2019b).  

2.4.2 Biological Assessment 
In 2005, WRA conducted a biological assessment at the site to identify biological resources at 
the site. A total of 54 special status species of wildlife were recorded in the site vicinity, but only 
three special status species (the double-crested cormorant, the California brown pelican, and 
the osprey) have a potential for occurrence in the site vicinity. Although these species may be 
observed and/or occur at times onsite, these species do not nest onsite, and are not expected 
to obtain a significant portion of their diet from the site. A total of 47 special status plant species 
were identified in the site vicinity, 18 of which have a moderate potential to occur at the site. 
Three sensitive plant species were found onsite during the botanical surveys: Blasdale’s bent 
grass, Mendocino Coast Indian paintbrush, and short-leaved evax; however, none of these 
special status plant species are likely to occur within OU-E and monthly surveys conducted in 
OU-E from February to May 2010 did not identify any special status plant species (WRA 2005, 
updated 2007). 

ESHA delineation activities were conducted by WRA in 2009 and Arcadis in 2010 to identify 
potential ESHAs [including potential federal and state jurisdictional waters, including wetlands 
(waters/wetlands)] located onsite. WRA (2009) delineated 20 waters/wetlands totaling 
13.31 acres in OU-C, OU-D, and OU-E. Of these delineated areas, 8.89 acres were classified 
as U.S. Army Corps of Engineers (USACE) jurisdictional waters/wetlands. Approximately 
308 acres of the 317 acres that Georgia-Pacific owns were considered non-jurisdictional for 
USACE purposes. In 2010, Arcadis identified and delineated the following additional features as 
potential ESHAs: 17 waters/wetlands totaling approximately 3.64 acres, approximately 
2.21 acres of riparian area, and approximately 375 linear feet of bedrock groundwater seep 
complexes. Arcadis also delineated coastal waters associated with Fort Bragg Landing. In total, 
there are 48 potential ESHA areas totaling approximately 19.16 acres of the approximately 
317 acres comprising OU-C, OU-D, and OU-E (Arcadis 2011a). Delineated ESHAs within OU-E 
are shown on Figures 2-2, 2-3, and 2-4.  

In 2010, Arcadis conducted a functional assessment of the delineated potential waters/wetlands 
to evaluate their ecological function. Arcadis followed guidance provided in California Rapid 
Assessment Method (CRAM) for Wetlands (Collins et al. 2008). Overall CRAM scores indicate 
that waters/wetlands evaluated on the site possess between 33 and 58 percent of the total 
functional capacity that a reference wetland system could attain. These CRAM scores indicate 
the generally degraded character of the site waters/wetlands. Ponds on the site scored lowest in 
the CRAM evaluation (i.e., between 32 and 45 percent of total functional capacity). Seasonal 
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and seep wetlands that have developed in the OU-E lowland since demolition of the building 
foundations in this area scored the highest in the CRAM evaluation (i.e., 58 percent of total 
functional capacity). The complete results of the CRAM evaluation are presented in the Mill 
Pond Complex Restoration Draft Conceptual Design (Arcadis 2011d).  

2.4.3 Remedial Investigations 
In June 2010, additional sampling was conducted at OU-E in accordance with the Site 
Investigation Work Plan, Operable Unit E – Upland (Arcadis 2010b) in preparation of the OU-E 
RI Report. In October 2010, Arcadis evaluated the existing historical site data and the June 
2010 sampling data and identified data gaps that required step-out sampling to fully delineate 
chemical impact (Arcadis 2010c). Additional step-out sampling was conducted in November and 
December 2010 (Arcadis 2011e). Comprehensive analytical results were discussed in the RI 
Report to characterize the nature and extent of impacts (Arcadis 2013a). 

A screening level analysis for unrestricted use, including potential residential receptors, was 
conducted in the DTSC-approved RI Report and exceedances of the unrestricted residential 
screening levels were identified (Arcadis 2013a). Figures 2-18 and 2-19 present a comparison 
of arsenic and dioxin TEQ in Ponds 6, 7, 8, and North Pond with human health preliminary 
screening levels (PSLs), and Figures 2-20 and 2-21 present a comparison of arsenic and dioxin 
TEQ in the southern ponds with human health PSLs, respectively. Figure 2-22 presents a 
comparison of dioxin TEQ in the Riparian Areas with human health PSLs. 

Conclusions from the RI Report are summarized below per AOI. These include constituents 
detected at concentrations greater than human health and/or ecological PSLs appropriate for 
unrestricted land use.  

y OU-E Lowland Terrestrial Soil: metals (antimony, arsenic, barium, chromium, copper, 
lead, mercury, molybdenum, and zinc), TPHd, dioxins/furans, and PAHs were detected 
at concentrations greater than PSLs. 

y OU-E Aquatic Area Sediment: metals (arsenic, barium, cadmium, chromium, cobalt, 
copper, lead, mercury, molybdenum, nickel, and zinc), PAHs, VOCs, dioxins/furans, 
PCBs, pesticides, and TPH were found at concentrations greater than PSLs. 

y OU-E Groundwater: Metals (arsenic, barium, cobalt, copper, lead, molybdenum, nickel, 
thallium, and vanadium), PAHs, VOCs, dioxins/furans, PCBs, and TPH were found at 
concentrations greater than PSLs. 

The RI Report recommended four of the five lowland terrestrial AOIs (Water Treatment and 
Truck Dump AOI, Sawmill #1 AOI, Compressor House and Lath Building AOI, and Powerhouse 
and Fuel Barn AOI) for further evaluation in the BHHERA. The RI Report recommended no 
further action for the Pond 8 Fill Area AOI, due to only a single zinc exceedance of the 
ecological PSL and no exceedances of human health PSLs. All 10 OU-E aquatic AOIs (Ponds 1 
through 9, and the North Pond) were recommended for further evaluation in the BHHERA. The 
additional site investigation and risk assessment activities conducted for the BHHERA are 
further discussed in Section 2.6. 
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The OU-C and OU-D RI evaluated the nature and extent of constituents in the IRM and West of 
IRM AOC and assessed the risk associated with soil and groundwater conditions, as detailed in 
Section 2.4.4. The Riparian AOI was further evaluated during the investigation that 
accompanied the BHHERA. The purpose of the investigation was to provide a baseline human 
health and ecological risk assessment for OU-E and associated AOIs, which included the 
Riparian AOI. The COIs in the Riparian AOI that were investigated were metals (arsenic, 
barium, selenium, vanadium, and zinc) and PAHs (Arcadis 2015b). The nature and extent of 
constituents considered in the BHHERA are presented in Section 2.6. No additional 
investigation of dioxin in soil or sediment was conducted as part of the BHHERA investigation 
for the Riparian AOI (DTSC 2016). 

2.4.4 OU-C and OU-D IRM and West of IRM Soil and Groundwater 
Investigations and Risk Assessment 

In accordance with the IARAP (Arcadis 2008b), soil excavation and in-situ groundwater 
treatment (biosparging and application of ORM) were conducted between 2008 and 2009 in the 
IRM and West of IRM AOIs. COI concentrations in non-excavated soil are generally below the 
screening levels. Slightly elevated TPHd concentrations remain in soil beneath the excavation 
area northwest of the MES and the excavation boundary in the vicinity of the Former Diesel AST 
(Arcadis 2011a). 

The BHHERA evaluation provided in the DTSC approved OU-C and OU-D RI concluded that 
COI concentrations in soil at the IRM and West of IRM AOIs do not pose a risk to human health 
or the environment. The IRM and West of IRM AOIs were recommended for evaluation in this 
FS for fuel-related constituents, VOCs, and arsenic in groundwater (Arcadis 2011a). 

2.5 Remedial Actions 

2.5.1 Interim Remedial Measures 
IRM activities as described in the Interim Action Remedial Action Plan (IARAP; Arcadis 2008b) 
and Interim Action Completion Report (Arcadis 2010a) were initiated in 2008 and completed in 
2009. IRM activities include: 

y Foundation removal and cap placement. Details regarding the demolition, investigation, 
and removal activities performed and the analytical results from the sampling are 
presented in the Construction Completion Report (Arcadis BBL 2007a). Additional 
details regarding the caps and their design and construction are provided in the Final 
Cap Design Memorandum, included as Appendix G of the Construction Completion 
Report (Arcadis BBL 2007a). 

y Excavation of former fuel pipe that extended from the former Fuel Storage Shed to the 
Powerhouse (Arcadis 2008a). 

y Excavation and disposal of soil impacted with metals near the former Compressor 
Houses, and excavation and onsite treatment of TPH-affected soil near the former 
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Compressor Houses. These activities are presented in the Interim Action Completion 
Report, Operable Units C and E (Arcadis 2010a). 

y In-situ groundwater treatment for TPH [biosparging and addition of oxygen-releasing 
material (ORM) before backfilling] near the former Compressor Houses. 

y Excavation and onsite treatment of TPH-affected soil within the IRM AOI and the West of 
IRM AOI. Excavation activities are presented in the Interim Action Completion Report, 
Operable Units C and E (Arcadis 2010a). 

y In-situ groundwater treatment for TPH (biosparging and addition of ORM before 
backfilling) within the IRM AOI and the West of IRM AOI. 

y Approximate capped areas in the OU-E Lowlands are presented on Figure 1-4. 

2.5.2 2017 Remedial Actions 
The OU-E RAW was developed to expedite remediation of certain AOCs to facilitate 
construction of the City’s coastal trail and expedite remediation of the site. The AOCs included 
in the OU-E RAW are the Lowland Terrestrial AOC, the Ponds 1, 2, 3, and 4 (Southern Ponds) 
AOC, the Riparian AOC, and the Pond 7 AOC. The OU-E RAW included an evaluation of 
remedial alternatives and proposed excavation and disposal as the selected remedial action. 
The OU-E RAW and, therefore, the excavation and disposal remedial alternative, was approved 
by DTSC on 13 October 2016 (DTSC 2016). The approach for implementation was presented in 
the Final OU-C, OU-D, and OU-E Implementation Plan (RDIP; Kennedy Jenks 2017) and a 
summary of the completed remedial actions was presented in the RACR (Kennedy Jenks 
2018a). 

There were 12 remedial action areas (RAAs) in the Lowland Terrestrial AOC, four RAAs in the 
Riparian Area AOI, two RAAs in the Southern Ponds AOC, and one RAA in the Pond 7 AOC. 
Approximately 2,237 cubic yards were excavated from these RAAs. After the completion of 
excavation activities, residual COC concentrations are below the established remedial action 
goals. Additionally, residual COC concentrations at the Riparian Area AOI are below the 
residential screening criteria on a point-by-point basis, and therefore, the Riparian Area AOI was 
approved for NFA. EPCs for the remaining OU-E AOCs (Southern Ponds AOC, Pond 7 AOC, 
and Lowland Terrestrial AOC) were recalculated and compared to residential screening criteria. 
The Lowland Terrestrial AOC EPCs meet residential screening criteria, and therefore, the 
Lowland Terrestrial AOC was also approved for NFA for soil. Based on the recalculated EPCs, 
the Southern Ponds AOC and Pond 7 AOC were evaluated in the OU-E Feasibility Study and 
the OU-E RAP.  

2.6 Baseline Risk Assessment 
The RI Report and BHHERA were completed for the IRM and West of IRM AOls as part of the 
OU-C and OU-D RI (Arcadis 2011a) and are not further discussed in this section. This section 
presents the nature and extent of constituents for the Riparian AOl based on additional 
sediment and porewater samples collected from the Riparian AOI as part of the OU-E BHHERA 
investigation.  
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In April 2013, additional sediment and porewater samples were collected from Ponds 1 
through 9, the North Pond, and the Riparian AOI (Figures 2-23, 2-24, 2-25, and 2-26). Data 
collected in the additional BHHERA investigation were used in conjunction with RI data to 
provide an evaluation of potential risk in OU-E for reasonably anticipated future receptors, 
based on current land and assumed future land use presented in the Mill Site Specific Plan (Mill 
Site Coordinating Committee 2012; Figure 2-1). Human receptors evaluated in the terrestrial 
exposure area of OU-E included construction workers, maintenance/utility workers, passive 
(occasional) child and adult recreational visitors, frequent adult recreational visitors, and 
commercial/industrial workers (Figure 2-27). Human receptors in the combined aquatic 
exposure areas of OU-E included passive child and adult recreational visitors (Figure 2-28).  

The OU-E BHHERA estimated exposure and characterized potential ecological risk in 
accordance with the CSM presented in the OU-E BHHERA and methods described in the Site-
Wide Risk Assessment Work Plan (Site-Wide RAWP; Arcadis 2008c) and the OU-E BHHERA 
Work Plan (Arcadis 2013b). The BHHERA calculated EPCs for each COPC in each exposure 
area to inform the risk assessment. The EPC is the concentration of a COPC in an 
environmental medium to which a potential receptor might be exposed. The method of 
calculating the EPC varied based on the quantity of available data, as described in the following 
sections. A conservatively based 95% UCL on the arithmetic mean concentration was estimated 
using EPA’s ProUCL 4.1 software to represent the EPC where sufficient data was available. 
ProUCL uses the maximum concentration when a 95% UCL cannot be calculated because of 
the data distribution. The EPC is then compared to the applicable remedial goal or used to 
calculate risk estimates. 

The OU-E BHHERA included a hot-spot/residual risk and hazard analyses for the Lowland 
Terrestrial AOC, the Aquatic AOC, and the Riparian AOI. The Pond 8 Fill Area AOI was not 
included as part of the BHHERA dataset in response to DTSC comments on the BHHERA work 
plan, and due to the absence of COPCs above relevant screening levels. The results of the risk 
assessment are briefly summarized below: 

• Lowland Terrestrial AOI: Results of the ERA for the terrestrial exposure area indicated 
that potential unacceptable risk for populations of plants, soil invertebrates, birds, and 
mammals is unlikely. Hazard Quotients (HQs) were generally less than one, or COPC 
EPCs were below site-specific background concentrations. Barium HQs for plants, 
invertebrates, and invertivorous mammals were greater than one, but were driven by a 
few samples located in a small area of the site, indicating potential population-level 
exposure is limited. Furthermore, the ERA concluded that exposure of individual 
receptors in the small area would not result in unacceptable effects to local populations. 

• Aquatic AOI: The BHHERA evaluated all 10 aquatic AOIs. Ponds 1, 2, 3, and 4 were 
combined into a single Southern Ponds AOC, resulting in a total of seven aquatic AOCs 
as separate exposure areas in the BHHERA (Ponds 1 through 4, Pond 5, Pond 6, 
Pond 7, the North Pond, Pond 8, and Pond 9). Additionally, all ponds were evaluated as 
one exposure area (the Combined Aquatic AOC) under two exposure scenarios: 
assuming 50 days exposure per year and 12 days of exposure per year. Results of the 
ERA for combined aquatic exposure areas indicated that unacceptable risk is not likely 
for populations of plants, benthic organisms, birds, mammals, and amphibians exposed 
to site sediment and surface water. ERA results for ponds evaluated individually 
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indicated potential risk is not likely, with the exception of barium partitioning to porewater 
in Pond 7 sediment, which may pose a potential risk to benthic organisms based on 
comparison of porewater concentrations at locations Pond 7-01 [1,570 micrograms per 
liter (µg/L)], Pond 7-01 (1,935 µg/L), and DP-4.13 (1,780 µg/L) to the selected screening 
level of 1,000 µg/L. 

• Riparian AOI: Riparian Area AOI soil and groundwater were evaluated for human health 
risks in the BHHERA section of the DTSC approved OU-C and OU-D RI as part of the 
Open Space exposure unit (EU). The BHHERA concluded that ecological risk in the 
OU-D Riparian AOI is negligible. No further evaluation for dioxin/furan risk was 
performed in the BHHERA because invertebrates lack specific biochemical receptors 
essential to produce dioxin related toxicity (Céspedes et al. 2010; Hahn 2002; West et 
al. 1997). Dioxin toxicity is expressed via the aryl hydrocarbon receptor in vertebrates. 
However, invertebrates lack the aryl hydrocarbon receptor, and aryl hydrocarbon 
receptor homologues identified in invertebrates have been shown to not bind dioxin 
compounds (Céspedes et al. 2010; Hahn 2002; West et al. 1997). Furthermore, toxicity 
testing conducted on various invertebrate species has shown no toxicity associated with 
tissue concentrations up to 9.5 milligrams per kilogram (mg/kg) lipid (West et al. 1997). 

Additional detail regarding the BHHERA risk assessments was provided in the OU-E FS (see 
Section 2.2.6 of the OU-E FS).  

The results of the assessments informed the OU-E RAW and Remedial Action Implementation 
Plan (RDIP). The proposed remedial actions were completed in 2017, as summarized in the 
RACR and described in Section 2.5.2.  
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Section 3: Remedial Action Objectives 

This section identifies and evaluates the objectives and requirements of remediation which will 
drive the development and screening of remedial alternatives. Laws and regulations [applicable, 
relevant, and appropriate requirements (ARARs)] that may apply to the remediation were 
identified in the OU-E FS. 

3.1 Applicable or Relevant and Appropriate Requirements 
Comprehensive Environmental Recovery, Cleanup, and Liability Act (CERCLA) and its 
regulations [40 Code of Federal Regulations (CFR) 300 et seq., referred to as the National 
Contingency Plan (NCP)] provide an established, and generally accepted, framework for 
evaluating and remediating industrial sites (NCP 2014; EPA 1990). Under the NCP, remedial 
actions must attain (or justify the waiver of) any federal or more stringent state environmental 
standards and facility citing laws that are “applicable or relevant and appropriate.” These 
regulatory requirements are known as ARARs. The ARARs are used to develop quantitative 
RAOs, determine the extent of site cleanup, and govern the implementation and operation of the 
selected alternatives. 

Identification of ARARs must be completed on a site-specific basis and involves a two-part 
analysis: first, a determination of whether a given requirement is applicable and then, if it is not 
applicable, a determination of whether it is nevertheless both relevant and appropriate. Federal, 
state, and local ARARs can be divided into the following categories: 

y Chemical-specific ARARs: Chemical-specific or ambient requirements include those 
laws and regulations that govern the release to the environment of materials possessing 
certain chemical or generally set health- or risk-based concentration limits, or discharge 
limitations for specific hazardous substances that may be found in, or discharged to, the 
ambient environment. If, in a specific situation, a chemical is subject to more than one 
discharge or exposure limit, the more stringent of the requirements should generally be 
applied. 

y Performance, design, or action-specific ARARs: Action-specific ARARs consist of 
requirements that define acceptable handling, treatment, and disposal procedures for 
hazardous substances. These ARARs generally set performance, design, or other 
similar action-specific controls or restrictions on particular kinds of activities related to 
management of hazardous substances or pollutants. These requirements are triggered 
by the particular remedial activities that are selected to accomplish the cleanup remedy. 

y Location-specific ARARs: Location-specific ARARs are those requirements that relate to 
the geographical or physical position of the site, rather than the nature of the 
contaminants or the proposed site remedial actions. These requirements may limit the 
type of remedial action that can be implemented and may impose additional constraints 
on the cleanup action.  

A requirement may not meet the definition of an ARAR but may still be useful in determining 
whether to take action at a site or to what degree action is necessary. Some requirements are 
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called to-be-considered (TBC) criteria. The TBC requirements are non-promulgated advisories 
or guidance issued by federal, state, or local government that are not legally binding, but may 
provide useful information or recommend procedures for remedial action. 

ARARs and TBCs have been compiled for the soil, sediment, and groundwater in the AOCs 
addressed in this RAP using federal, state, and local statues, regulations, and guidance listed in 
Table 3-1. Note that the ultimate agency determination of requirements and conditions will be 
performed as part of the approval of permits requested for implementation of the selected 
alternative in response to a specific design or work plan. 

3.2 Remedial Action Objectives 
RAOs are medium-specific goals for protecting human health and the environment that, in 
consideration with the estimated remedial scope and cost for screening alternatives and existing 
data, will be used to define the scope of remediation work to be proposed in the forthcoming 
RAP. Risk-based-target levels (RBTLs) were identified by DTSC (DTSC 2014), as discussed in 
the OU-E RAW (Arcadis 2016). Where applicable, they are presented in Table 3-2 and will be 
used to evaluate site conditions. The RBTLs will be compared to post-remedy exposure 
estimates (i.e., 95% UCLs) to confirm that site conditions are protective of human and 
ecological receptors.  

RAOs are guidelines used in the development of potential remedial action alternatives and 
selection of a proposed remedial action. The RAOs presented herein have been developed 
based on the current environmental conditions and anticipated future use of the site.  

y Prevent the ingestion of and incidental contact with COCs in soil that exceed Remedial 
Goals established in the RAP by future users of the former Mill site. The relevant human 
exposure pathways for human receptors in the terrestrial exposure area include: 
incidental soil ingestion, dermal contact with soil, inhalation of particulates, and contact 
with groundwater (construction and utility workers only). 

y Prevent the ingestion of and incidental contact with chemicals of concern in sediments 
that exceed Remedial Goals established in the RAP by future users of the former Mill 
site. The relevant human exposure pathways for the passive recreator receptor in the 
aquatic area included: incidental sediment ingestion, dermal contact with sediment, and 
contact with surface water. 

y For the AOC(s) with COC-impacted groundwater, provide remediation alternative that 
will promote mitigation of COC-impacted groundwater to ultimately achieve North Coast 
Regional Water Quality Control Board (RWQCB) water quality objectives (WQOs).  

3.3 Chemical Specific Remedial Goals 
Chemical-specific remedial goals will be used to evaluate remedial action effectiveness 
following implementation and identify appropriate foreseeable future land use. Draft remedial 
goals were presented in the OU-E FS. Consistent with DTSC guidance for risk-based cleanups, 
chemical-specific remedial action goals will be applied based on a conservative estimate of the 
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average concentration (e.g., 95% UCL on the mean) of a COC across an exposure area. This 
concentration is referred to as the EPC. 

Media-specific numeric remedial goals for are presented in Table 3-2 for the COCs 
recommended for remedial action within the scope of the RAP. The remedial goals for 
groundwater at the site are based on WQOs set forth in the Water Quality Control Plan for the 
North Coast Region (“Basin Plan”; North Coast RWQCB 2011, 2015). The background level of 
arsenic at this site is above the WQO for arsenic. Therefore, the background concentration for 
arsenic for the Former Georgia-Pacific Mill Site is the Remedial Goal for this COC. As presented 
in the Background Metals Report, background concentrations of arsenic in California soil range 
from 0.6 mg/kg to 31 mg/kg (Arcadis BBL 2007d). Groundwater COCs in OU-E (arsenic, 
barium, TPHd, and TPHg) are not associated with indoor air inhalation risk and do not have 
screening levels protective of the soil vapor/indoor air pathway calculated by the San Francisco 
Bay Regional Water Quality Control Board (SFRWQCB 2013); therefore, soil vapor is not a 
media of concern in OU-E.  

The primary remedial goals for soil and sediment COCs within the OU-E AOIs are protective of 
residential users and support the unrestricted use of an AOI. Alternative goals are included for 
the commercial, construction, and utility worker; and for passive and the occasional recreator. 
The primary remedial goals for soil and sediment COCs are discussed below. 

• Dioxins: A residential dioxin soil remedial goals of 50 pg/g was selected based on the 
DTSC HHRA Note 2 (DTSC 2009). The DTSC HHRA note presents a suite of suggested 
dioxin-TEQ soil remedial goals that have been developed for consideration at mitigation 
sites in California for the protection of human health. 

• Metals (Arsenic): The background concentration for arsenic for the Former Georgia-
Pacific Mill Site (10 mg/kg) is the Remedial Goal for this COC. 
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Section 4: Remedial Alternatives and Selected Remedial 
Actions 

Remedial alternatives for OU-E were presented and evaluated in the approved Feasibility 
Study, Operable Unit E (Kennedy Jenks 2019a). The OU-E FS evaluated five AOCs: 

• Ponds 1-4 (the Southern Ponds) Aquatic Sediment 

• North Pond and Pond 6 Aquatic Sediment 

• Pond 7 Aquatic Sediment  

• Pond 8 Aquatic Sediment  

• OU-E Groundwater.  

Remedial alternatives were developed for each AOC and screened based on technical 
implementability on the site. Preliminary screening of retained remedial alternatives was based 
on implementability, effectiveness, and cost. Retained remedial alternatives were further 
evaluated in accordance with EPA and DTSC guidance (discussed in Section 6 of the OU-E 
FS). Following evaluation based on these nine criteria (see Section 4.1.1), a preferred remedial 
alternative was selected for each AOC. Alternatives evaluated, as well as a summary of the 
conclusions, are presented in Tables 4-1 through 4-5.  

Modifying criteria of state support/agency acceptance and community acceptance will be 
considered after receipt of public comments on this Remedial Action Plan. 

4.1 Summary of Evaluated Remedial Alternatives and 
Recommendations  

The five AOCs that were evaluated in the OU-E FS and the remedial alternatives considered 
are summarized as follows:  

y Southern Ponds (Ponds 1-4) Aquatic Sediment 

o No Action 

o Institutional Controls 

o Vegetated Soil Cover 

o Excavation and Disposal 

o Vegetated Sediment Cover 
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y Pond 7 Aquatic Sediment 

o No Action 

o Institutional Control / Containment  

o Vegetated Soil Cover 

o Excavation and Disposal 

o Vegetated Sediment Cover 

y North Pond and Pond 6 Aquatic Sediment 

o No Action 

o Institutional Control / Containment 

o Vegetated Soil Cover 

o Excavation and Disposal 

o Vegetated Sediment Cover 

y Pond 8 Aquatic Sediment  

o No Action  

o Institutional Control / Containment  

o In-situ Soil Mixing 

o Excavation and Disposal 

o Vegetated Sediment Cover 

o Vegetated Soil Cover 

y OU-E Groundwater 

o No Action 

o Restricted Use 

o MNA 

o Enhanced Aerobic Bioremediation  

o Enhanced Anaerobic Bioremediation 
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4.1.1 Evaluation Criteria 
Remedial technologies retained through preliminary screening were further developed and 
evaluated against applicable remedial alternative screening criteria. In accordance with EPA FS 
and DTSC RAP guidance, the nine criteria described in the sections below were used to 
evaluate remedial alternatives (EPA 1988; DTSC 1995). For an alternative to be selected, it 
must meet the first two threshold Criteria, which are: 1) overall protection of human health and 
the environment; and 2) compliance with ARARs. Criteria 3 through 7 are the five primary 
balancing criteria that provide comparisons between the alternatives and identify tradeoffs 
between them; Criteria 8 and 9 are the two modifying criteria that consider acceptance by the 
state and local community. 

4.1.1.1 Threshold Screening Criteria 
Threshold screening criteria are those considered absolutely necessary for an alternative to be 
considered sound. These criteria reflect the overall protection of human health and the 
environment and compliance with ARARs. Threshold criteria are typically considered “yes or no” 
criteria. If a screened technology fails a threshold criterion, the technology is considered as not 
viable for further consideration. 

4.1.1.1.1 Overall Protection of Human Health and the Environment 
All remedial alternatives being evaluated must be protective of human health and the 
environment. No alternative should result in unacceptable levels of risk to onsite or offsite 
receptors during or after implementation, drawing upon the assessment of other evaluation 
criteria, including short- and long-term effectiveness and compliance with the RAOs. This 
component of the alternative evaluation assesses how potential exposure pathways are 
eliminated, reduced, or controlled through removal, treatment, engineering controls, or 
institutional controls. 

4.1.1.1.2 Compliance with ARARs 
The remedial alternatives must be evaluated to determine whether they comply with ARARs 
under federal environmental laws and state environmental or facility siting laws, or whether 
there are grounds for a waiver. ARARs are presented in Section 3. 

4.1.1.2 Balancing Criteria 
Balancing criteria represent a combination of technical measures and management controls for 
addressing the environmental issues at the site. These criteria have gradations in value. The 
balancing screening criteria emphasize short- and long-term effectiveness; implementability; 
cost; and reductions of toxicity, mobility, or volume through treatment. The balancing criteria 
also consider the preference for treatment as a principal element and the bias against offsite 
land disposal of untreated waste. 

4.1.1.2.1 Long-Term Effectiveness and Permanence 
The long-term effectiveness and permanence screening criterion evaluates the ability of an 
alternative to perform intended functions such as containment, diversion, removal, destruction 
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or treatment, and the permanence of the remedy. This criterion also assesses protection of 
human health and the environment after the RAOs have been met (EPA 1988). In accordance 
with NCP guidance, the long-term effectiveness screening criterion includes the magnitude of 
residual risk from any untreated waste or treatment residuals remaining at the conclusion of 
remediation activities, and the adequacy and reliability of controls (such as containment 
systems and institutional controls) that are necessary to manage treatment residuals and 
untreated waste. This criterion may be evaluated by design specifications or performance 
evaluation.  

4.1.1.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment 
The reduction of toxicity, mobility, and volume screening criterion evaluates the degree to which 
an alternative employs recycling or treatment options that reduce toxicity, mobility, or volume, 
including how treatment is used to address principal threats potentially posed by the site. 
Factors considered for this criterion include treatment process and volume of materials to be 
treated; ability of the treatment to reduce the toxicity, mobility, or volume of contamination; 
nature and quantity of residuals that would remain after treatment; relative amount of hazardous 
substances and/or constituents that would be destroyed, treated, or recycled; and the degree to 
which the treatment is irreversible (EPA 1988). 

4.1.1.2.3 Short-Term Effectiveness 
The short-term effectiveness screening criterion assesses the short-term impacts of alternatives 
by considering short-term risks that may be posed to the public and the potential impacts on 
workers during remedial action implementation. This criterion also evaluates the effectiveness 
and reliability of protective measures, potential impacts on the environment and the 
effectiveness and reliability of mitigative measures, and amount of time until protection is 
achieved (EPA 1988). 

4.1.1.2.4 Implementability 
The implementability screening criterion evaluates the technical and administrative feasibility of 
implementing the remedial alternative, including the availability of various services and materials 
required for implementation (EPA 1988). Implementability depends on factors such as 
constructability (e.g., physical setting, permitting, disposal options), duration of work, reliability of 
the technology, ease of operation, availability of services and materials, and ability to monitor 
effectiveness (EPA 1988). 

4.1.1.2.5 Cost 
The cost screening criterion compares the anticipated approximate costs, direct (construction 
and materials) and indirect (engineering and legal) capital costs, as well as O&M costs. O&M 
costs may include operating labor, energy, chemicals, and sampling and analysis. O&M 
assumptions for each alternative are noted in the text. These costs were estimated with an 
anticipated accuracy between -30 to +50 (EPA 1988), and are represented in 2017 dollars 
applying 30-year net present value for future costs where necessary. 
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4.1.1.3 Modifying Criteria 
Modifying criteria, which include state (support agency) and community acceptance, will be 
evaluated after submission of the FS to DTSC and after submittal of a RAP and receipt of public 
comments. The modifying criteria are described below.  

4.1.1.3.1 State Support/Agency Acceptance 
This criterion indicates whether, based on current knowledge of regulations and agency 
mandates, the applicable regulatory agencies would agree with the preferred alternative. The 
rankings listed in the sections below are based on preliminary input from agency meetings and 
knowledge of regulatory mandates. Actual assessment of regulatory agency acceptance is 
dependent on comments received during the agency review and public comment periods. 

4.1.1.3.2 Community Acceptance 
This criterion indicates whether community concerns are addressed by the remedy. Each 
alternative is evaluated in terms of currently available public input and the anticipated public 
reaction to the alternative but is considered preliminary. However, actual assessment of 
community acceptance is dependent on comments received during public comment period of 
the draft RAP. 

4.1.1.4 Other Criteria 
California Health and Safety Code Section 25356.1(d) also outlines six additional criteria, which 
need to be addressed for the recommended remedial alternative. As these criteria are 
addressed within the nine EPA criteria, a separate analysis was not conducted. 

4.1.2 Ponds 1-4 (Southern Ponds) 
As presented in Section 2.2.1.5, the COCs in the Southern Ponds AOC are dioxins and arsenic. 
A remedial action was completed in 2017 in accordance with approved OU-E RAW. 
Approximately 45 cy of sediment were excavated over an area of 800 square feet (sf) and 
disposed at an appropriate facility. Confirmation sampling was performed to confirm that 
concentrations at the excavation limits are below the not to exceed remedial goals included in 
the OU-E RAW. A summary of implementation and confirmation sample results are presented in 
the RACR. Remedial alternatives for Ponds 1-4 were evaluated in the OU-E FS. 

Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Ponds 1-4 included the 
following: 

• No Action: A baseline to which other remedial technologies are compared. 

• Institutional Controls: Containment, land use controls, sediment management, and long-
term operations and management. 

• Vegetated Soil Cover: Construction of an upland vegetated cover to cover each 
individual pond to restrict exposure of potential receptors to affected media by limiting 
potential direct contact with affected sediment or infiltration of water. 
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• Excavation and Disposal of Sediment: Excavation and offsite disposal of sediment in 
Ponds 1-4, which amounts to approximately 7,000 cy of sediment. 

• Construction of a Vegetated Sediment Cover: Construction of a vegetated wetland cover 
to cover each individual pond to restrict exposure of potential receptors to affected 
media by limiting potential direct contact with affected sediment or infiltration of water. 

Based on the analysis presented in the OU-E FS, Institutional Controls were selected as the 
preferred alternative for the Southern Ponds AOC. Although it is associated with a slightly lower 
reduction of toxicity, mobility, and volume, institutional controls provide adequate control of 
potential exposure pathways for future receptors. The benefits of a physical cover were offset by 
the effort and disruption required for implementation and potentially regular O&M. The benefits 
of Excavation and Disposal were offset by the effort and disruption required for implementation 
and the need to transport and dispose the sediment at a landfill. The cost difference between 
the alternatives was not justified by limited benefits of the Vegetated Soil Cover or Excavation 
and Disposal alternatives. Additionally, sediment COC concentrations and bioavailable fractions 
were significantly reduced by sediment removal performed in 2017 and are expected to 
continue to decline naturally through existing biological and geochemical processes. 

The institutional controls option provides land use controls which limit land use and control 
activities in areas where the risk from one or more exposure pathways is deemed unacceptable. 
The land use controls will also provide design criteria for development within the restricted area. 
A Soil Management Plan (SMP) will also be developed to provide detailed procedures for 
sediment disturbing activities and describe required sampling and criteria for reuse of disturbed 
sediment. The land use controls and SMP will be consistent with foreseeable future site use. 
Notification to DTSC and sediment removal may occur as part of future redevelopment activities 
and changes in use to achieve acceptable risk for the changed conditions. 

4.1.3 Pond 7 
As presented in Section 2.2.1.6, the COCs in the Pond 7 AOC are dioxins, barium, and arsenic. 
A remedial action was completed in 2017 in accordance with the approved OU-E RAW. 
Approximately 708 cy of sediment were excavated over an area of 5,500 sf and disposed of at 
an appropriate facility. Confirmation sampling was performed to confirm that concentrations at 
the excavation limits are below the not to exceed remedial goals included in the OU-E RAW. A 
summary of implementation and confirmation sample results are presented in the RACR.  

Residual concentrations in five confirmation samples collected from the side of the Mill Pond 
Dam along the southern wall are above the unrestricted use goal but below the not-to-exceed 
sediment goals established in the RAW (between 93 and 350 pg/g). An area of approximately 
5 feet wide and 180 feet long along the southern perimeter of the pond where concentrations 
remain above unrestricted use goals is assumed as the new RAA for Pond 7.  

Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Pond 7 included the 
following: 

• No Action: A baseline to which other remedial technologies are compared. 
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• Institutional Control / Containment: Containment, land use controls, sediment 
management, and long-term operations and maintenance. 

• Vegetated Soil Cover: Construction of an upland vegetated cover to cover the pond to 
restrict exposure of potential receptors to affected media by limiting potential direct 
contact with affected sediment or infiltration of water. 

• Excavation and Disposal of Sediment: Excavation and offsite disposal of sediment in 
Pond 7, which amounts to approximately 900 cy of sediment. 

• Construction of a Vegetated Sediment Cover: Construction of a vegetated wetland cover 
to cover the pond to restrict exposure of potential receptors to affected media by limiting 
potential direct contact with affected sediment or infiltration of water. 

Based on the analysis presented in the OU-E FS, Institutional Control / Containment were 
selected as the preferred alternative for Pond 7 aquatic sediment. Although it was associated 
with a slightly lower reduction of toxicity, mobility, and volume, institutional control / containment 
provide adequate control of potential exposure pathways for future receptors. The benefits of a 
physical cover were offset by the effort and disruption required for implementation and 
potentially regular O&M, as well as the disturbance of the newly-created wetland establishment 
area. The benefits of Excavation and Disposal were offset by the effort and disruption required 
for implementation and the need to transport and dispose the sediment at a landfill. The cost 
difference between the alternatives was not justified by limited benefits of the Vegetated Soil 
Cover or Excavation and Disposal alternatives. Additionally, sediment COC concentrations and 
bioavailable fractions were significantly reduced by sediment removal performed in 2017 and 
are expected to continue to decline naturally through existing biological and geochemical 
processes. 

The institutional control / containment option provides land use controls which limit land use and 
control activities in areas where the risk from one or more exposure pathways is deemed 
unacceptable. The land use controls will also provide design criteria for development within the 
restricted area. An SMP will also be developed to provide detailed procedures for sediment 
disturbing activities and describe required sampling and criteria for reuse of disturbed sediment. 
The land use controls and SMP will be consistent with foreseeable future site use. Notification to 
DTSC and sediment removal may occur as part of future redevelopment activities and changes 
in use to achieve acceptable risk for the changed conditions. 

The existing beach berm will continue to provide sediment containment in this alternative. The 
beach berm will be inspected annually and maintenance will be completed as needed, and 
modification of the beach berm will be restricted by institutional controls.  

4.1.4 North Pond and Pond 6 
As presented in Section 2.2.1.7, the COCs in the North Pond and Pond 6 AOC are dioxins and 
arsenic. Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Pond 6 and the 
North Pond included the following: 

• No Action: A baseline to which other remedial technologies are compared. 
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• Institutional Control / Containment: Containment, land use controls, sediment 
management, and long-term operations and maintenance. 

• Vegetated Soil Cover: Construction of an upland vegetated cover to cover each pond to 
restrict exposure of potential receptors to affected media by limiting potential direct 
contact with affected sediment or infiltration of water. 

• Excavation and Disposal of Sediment: Excavation and offsite disposal of sediment in the 
North Pond and Pond 6, which amounts to approximately 2,200 cy of sediment. 

• Construction of a Vegetated Sediment Cover: Construction of a vegetated wetland cover 
to cover each pond to restrict exposure of potential receptors to affected media by 
limiting potential direct contact with affected sediment or infiltration of water. 

Based on the analysis presented in the OU-E FS, Institutional Control / Containment were 
selected as the preferred alternative for aquatic sediment in the North Pond and Pond 6. 
Although it was associated with a slightly lower reduction of toxicity, mobility, and volume, 
institutional control / containment provide adequate control of potential exposure pathways for 
future receptors. The benefits of a physical cover were offset by the effort and disruption 
required for implementation and potentially regular O&M. The benefits of Excavation and 
Disposal were offset by the effort and disruption required for implementation and the need to 
transport and dispose the sediment at a landfill. The cost difference between the alternatives 
was not justified by limited benefits of the Vegetated Soil Cover or Excavation and Disposal 
alternatives. Additionally, sediment COC concentrations and bioavailable fractions are expected 
to continue to decline naturally through existing biological and geochemical processes. 

The institutional control / containment option provides land use controls which limit land use and 
control activities in areas where the risk from one or more exposure pathways is deemed 
unacceptable. The land use controls will also provide design criteria for development within the 
restricted area. An SMP will also be developed to provide detailed procedures for sediment 
disturbing activities and describe required sampling and criteria for reuse of disturbed sediment.  

The land use controls and SMP will be consistent with foreseeable future site use. Notification to 
DTSC and sediment removal may occur as part of future redevelopment activities and changes 
in use to achieve acceptable risk for the changed conditions. 

The existing beach berm will continue to provide sediment containment in this alternative. The 
beach berm will be inspected annually and maintenance will be completed as needed, and 
modification of the beach berm will be restricted by institutional controls.  

Additional sediment sampling activities were completed in 2019 in Pond 6, North Pond, and 
Pond 8 per DTSC request (Kennedy Jenks 2020b; DTSC 2020b). Data collected were 
consistent with or lower than past results and the report concluded that the additional data 
continued to support the remedial alternative recommended in the OU-E FS. 

4.1.5 Pond 8 
As presented in Section 2.2.1.8, the COCs in the Pond 8 AOC are dioxins and arsenic.  
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Remedial alternatives evaluated in the OU-E FS for aquatic sediment in Pond 8 included the 
following: 

• No Action: A baseline to which other remedial technologies are compared. 

• Institutional Control / Containment: Containment, land use controls, sediment 
management, and long-term operations and maintenance. 

• In-situ Soil Mixing of Sediment: Treating sediment in place through stabilization by the 
addition of binders and Portland cement to restrict exposure of potential receptors to 
affected media by limiting potential direct contact with affected sediment or infiltration of 
water. 

• Vegetated Sediment Cover: Construction of an upland vegetated cover to cover the 
pond to restrict exposure of potential receptors to affected media by limiting potential 
direct contact with affected sediment or infiltration of water. 

• Excavation and Disposal of Sediment: Excavation and offsite disposal of sediment in 
Pond 8, which amounts to approximately 106,000 cy of sediment. 

• Construction of a Vegetated Sediment Cover: Construction of a vegetated wetland cover 
to cover the pond to restrict exposure of potential receptors to affected media by limiting 
potential direct contact with affected sediment or infiltration of water. 

Based on the analysis presented in the OU-E FS, the Institutional Control / Containment 
alternative is the preferred alternative for the Pond 8 AOC as it provides adequate control of 
potential exposure pathways for future receptors without the destruction of wetlands and 
associated mitigation. This alternative also allows Pond 8 to continue to receive and treat 
stormwater from the site and the City. Although it was associated with lower reduction of 
toxicity, mobility, and volume, institutional control / containment provide adequate control of 
potential exposure pathways for future receptors. The benefits of a physical cover were offset by 
the effort and disruption required for implementation and potentially regular O&M. The benefits 
of Excavation and Disposal were offset by the effort and disruption required for implementation 
and the need to transport and dispose the sediment at a landfill. The cost difference between 
the alternatives was not justified by limited benefits of the Vegetated Soil Cover or Excavation 
and Disposal alternatives. 

The institutional control / containment option provides land use controls which limit land use and 
control activities in areas where the risk from one or more exposure pathways is deemed 
unacceptable. The land use controls will also provide design criteria for development within the 
restricted area. An SMP will also be developed to provide detailed procedures for sediment 
disturbing activities and describe required sampling and criteria for reuse of disturbed sediment.  

The land use controls and SMP will be consistent with foreseeable future site use. Notification to 
DTSC and sediment removal may occur as part of future redevelopment activities and changes 
in use to achieve acceptable risk for the changed conditions. 
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To address DSOD requirements, the Mill Pond Dam will be modified to add a soil buttress at the 
northeastern end and a rock slope protection at the crib wall near the ocean. These features are 
not expected to require significant soil removal or destruction of habitat. The dam modifications 
will not affect existing sediment, and the Mill Pond would continue to receive and treat 
stormwater from the site and the City. The beach berm will continue to protect the Mill Pond 
Dam from damage due to ocean intrusion in the lowland. This alternative will include regular 
inspection and maintenance of both the Mill Pond Dam and the beach berm, including 
vegetation control on the beach berm, as well as annual inspection, maintenance, vegetation 
control, and periodic survey of the Mill Pond Dam. The design life of proposed repairs for the 
Mill Pond Dam is estimated to be over 100 years as the maximum credible earthquake and 
maximum probable flood are used for design. 

Concentrations of COCs in sediment in Pond 8 were shown to represent limited risk to receptors 
for the reasonable foreseeable use in the OU-E BHHERA. Sediment COC concentrations and 
bioavailable fractions are expected to continue to decline naturally through existing biological 
and geochemical processes. Additional sediment sampling activities were completed in 2019 in 
Pond 6, North Pond, and Pond 8 per DTSC request (Kennedy Jenks 2020b; DTSC 2020b). 
Data collected were consistent with or lower than past results and the report concluded that the 
additional data continued to support the remedial alternative recommended in the OU-E FS. 

4.1.6 Groundwater 
As presented in Section 2.2.1.9, the COCs in the OU-E Groundwater AOC are TPHd and TPHg 
within the IRM and West of IRM AOIs and barium in the OU-E Lowlands AOI. OU-E Lowlands 
AOC groundwater is included in the FS due to barium detected in MW-4.1.  

Remedial alternatives evaluated in the OU-E FS for OU-E groundwater included the following: 

• No Action: A baseline to which other remedial technologies are compared. 

• Restricted use: Provision of land use controls prohibiting use of groundwater to eliminate 
exposure to COCs.  

• MNA and Institutional Controls: Monitoring and documentation of the natural decline of 
COC concentrations until further monitoring is deemed unnecessary to demonstrate 
achievement of RAOs in a reasonable time frame. Land use controls would restrict use 
of groundwater until WQOs are achieved or agency acceptance is for unrestricted use is 
received. 

• Enhanced Aerobic Bioremediation: Subsurface delivery of oxygen to enhance the 
aerobic biological degradation of COCs. Land use controls would restrict use of 
groundwater until WQOs are achieved or agency acceptance is for unrestricted use is 
received. 

• Enhanced Anaerobic Bioremediation: Subsurface delivery of an anaerobic electron 
acceptor such as sulfate to enhance the anaerobic biological degradation of COCs. Land 
use controls would restrict use of groundwater until WQOs are achieved or agency 
acceptance is for unrestricted use is received. 
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Based on the analysis presented in the OU-E FS, MNA combined with institutional controls is 
the recommended alternative for the OU-E Groundwater AOC. Although the MNA alternative 
was associated with a slightly lower reduction of toxicity, mobility, and volume, MNA provides 
adequate mitigation of potential exposure pathways for future receptors. The benefits of the 
active remediation alternatives were offset by the short-term effectiveness and potential 
implementability issues, and the cost difference was not justified by significant benefits and was 
associated with a degree of uncertainty. 

The MNA alternative addresses both fuel-related constituents present in groundwater in the IRM 
and West of IRM AOIs and barium present in OU-E Lowlands AOC groundwater. This 
alternative monitors and documents the natural decline in COC concentrations beyond RAP 
submittal until further monitoring is deemed unnecessary to demonstrate achievement of RAOs 
in a reasonable timeframe.  

This alternative also places LUCs on the AOC, prohibiting the use of groundwater in the vicinity 
of affected areas to restrict exposure to COCs. Groundwater use will be restricted until WQOs 
are achieved or agency approval for unrestricted use is received. Note that in some areas of the 
site, COC concentrations are below drinking water standards or other use criteria even though 
above WQOs. Use of such water may be deemed acceptable on a case by case basis.  

Under this alternative, natural attenuation by existing physical, biological, and geochemical 
processes will reduce the concentrations in groundwater within a reasonable timeframe. 
Monitoring will be performed to evaluate changes in COC concentrations until RAOs can be 
met. Performance criteria for MNA are to achieve stable or decreasing trends in COC 
concentrations, such that WQOs will be attained in a reasonable time frame. As appropriate, 
detailed discussion of additional data collection and trend analysis for this AOC will be provided 
in ongoing semiannual groundwater monitoring reports.  

The monitoring well network and ongoing groundwater monitoring program are described in the 
Operable Unit D and Operable Unit E Groundwater Operation & Maintenance Plan (OU-D/E 
Groundwater O&M Plan; Kennedy Jenks 2020a) approved by DTSC on 30 March 2020 (DTSC 
2020a). Liquid-phase hydrocarbons (LPH) have been detected in MW-5.5 in the IRM AOI. 
However, residual free product in MW-5.5 has decreased since September 2018 and is not 
contributing to dissolved phase hydrocarbons downgradient based on monitoring results at 
MW-5.20. MW-5.5 and downgradient well MW-5.20 are included in the OU-D/E Groundwater 
O&M Plan and will continue to be monitored to assess LPH in MW-5.5. 
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Section 5: Reporting and Public Participation 

5.1 Reporting 
The OU-D/E Groundwater O&M Plan included in the selected remedial alternative for OU-E 
groundwater specifies monitoring, evaluation, and reporting requirements associated with the 
natural attenuation remedy. Reporting requirements associated with LUCs will be defined in 
each LUC.  

5.2 Public Participation 
The public participation requirements for the RAP process include the following: 

• Developing a Public Participation Plan. 

• Holding a minimum 30-day public comment period. 

• Publishing a public notice of the availability of the draft RAP for public review and 
comment in a local newspaper of general circulation. 

• Posting a notice of the availability of the draft RAP for public review and comment at the 
Site. 

• Distributing a fact sheet to parties on the site mailing list describing the proposed remedy 
and the availability of the draft RAP for public comment. 

• Making the draft RAP and other supporting documents (i.e., CEQA document) available 
for public review at the DTSC office and in the local information repositories. 

• Conducting a public meeting during the public comment period. 

• Responding to public comments received on the draft RAP and CEQA documents. 

5.3 Schedule 
The OU-D/E Groundwater O&M Plan has been approved by DTSC (DTSC 2020a) and includes 
a schedule for natural attenuation monitoring and reporting. The OU-D/E Groundwater O&M 
Plan is currently being implemented. Land use controls will be developed following approval of 
this RAP and can be completed within approximately 1 year of approval. Modifications to the 
Mill Pond Dam include additional planning and permitting with the DSOD, the USACE, the City, 
the CCC, and other state and federal resource agencies. These activities may require 
sequential and iterative approvals of plans with each agency and will be completed based on 
responses from the various agencies.  
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Dataset
Dio[in TE4

pg�g
Arsenic
mg�Ng

Proposed Remedial Goal �� ��
Pond 8 AOC 107 9.7
Pond 6, Pond 7, and North Pond 109 25

Southern Ponds AOC 263 (0 - 0.5 ft bgs)
150 (0 - 2 ft bgs)

50 (0 - 0.5 ft bgs)
41 (0 - 2 ft bgs)

1otes�
ft bgs = feet below ground surface
mg/kg = milligrams per kilogram
pg/g = picograms per gram
AOC = area of concern
AOI = area of interest
EPC = exposure point concentration
COC = contaminant of concern
TEQ= = toxic equivalent
BHHERA = Baseline Human Health and Ecological Risk Assessment
RACR = Remedial Action Completion Report
(a) EPCs were presented in the BHHERA. EPCs for Pond 7 and Southern Ponds 
were updated in the RACR (Kennedy Jenks 2018). EPCs for Pond 8 and a combined 
Pond 6, Pond 7, and North Pond dataset were calculated in the Pond 6, North Pond, 
and Pond 8 Sediment Sampling Report (Kennedy Jenks 2020b). Presented EPCs 
were calculated using all available data (i.e., all depth intervals) unless otherwise 
stated. 

Table 2-2: Exposure Point Concentrations for COCs in
      Each AOI with Proposed Remedial Action
      Summary of Risk Drivers for Soil in OU-E

Operable Unit E Remedial Action Plan 
Former Georgia Pacific Wood Products Facility, Fort Bragg, CA
\\SFO\Groups\IS-Group\Admin\Job\16\1665018.20_GP\09-Reports\OU-E_RAP\Tables\Table 2-2_EPCs_rev.xlsx Page 1 of 1
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Overall Protection of 
+uman +ealth and the 

Environment
Compliance Zith ARARs

/ong Term 
Effectiveness and 

Permanence

Reduction of To[icity, 
0obility, or 9olume 
Through Treatment

6hort Term 
Effectiveness ,mplementability Cost

Table 4-4:  Comparison of Remedial Alternatives

0edia AOC RisN 6ummary Alternative Description

Threshold �<es or 1o� Criteria Balancing �/oZ, 0oderate, or +igh� Criteria

No Action Site remains as is� provide no additional control or action to protect human 
health or the environment from affected groundwater. No No Low Moderate High High �0 

Restricted Use A deed restriction on the AOC, prohibiting the use of groundwater to eliminate 
exposure to COIs. Yes Yes Moderate Moderate High High �65,000 

Monitored Natural 
Attenuation and 

Institutional Controls

Periodic sampling of groundwater to evaluate natural biological and chemical 
remediation of COIs with contingency for potential future remedial actions, 
and restrict future groundwater use by establishing a deed restriction 
prohibiting use of onsite groundwater.

Yes Yes Moderate Moderate High High �73,000

Enhanced Aerobic 
Bioremediation, MNA, 

and Institutional Controls

Injection of calcium peroxide solution for treatment of contaminants followed 
by periodic groundwater sampling to confirm that WQOs will be reached 
within a reasonable timeframe. Periodic sampling of groundwater to evaluate 
natural biological and chemical remediation of COIs with contingency for 
potential future remedial actions, and restrict future groundwater use by 
establishing a deed restriction prohibiting use of onsite groundwater. Only 
effective for petroleum related compounds.

Yes Yes High High Moderate Moderate �211,000 

1otes�
Recommended alternatives are outlined with bold lines.
Green shading indicates that the screening criteria is met or has a high ranking in preference.
Yellow shading indicates that the screening criteria is likely met or has a moderate ranking in preference.
Red shading indicates that the screening criteria may not be met or has a low ranking in preference.

Acronyms�
  AOC - area of concern
  AOI - area of interest

  ARARs - Applicable or Relevant and Appropriate Requirements
  B(a)P - benzo(a)pyrene

  bgs - below ground surface
  BHHERA - Baseline Human Health and Ecological Risk Assessment - Operable Unit E (ARCADIS, 2015)

  COI - chemical of interest
  cy - cubic yard

  dioxin - polychlorinated dibenzo-p-dioxin (in case of TEQ, 2,3,7,8-tetrachlorodibenzo-p-dioxin >2,3,7,8-TCDD@ in particular)
  ELCR - excess lifetime cancer risk

  ERA - ecological risk assessment
  IRM - interim remedial measure

  NCP - National Oil and Hazardous Substances Pollution Contingency Plan
  PAH -polycyclic aromatic hydrocarbon
  PRA - presumptive remedy area

  sf - square feet
  TEQ - toxic equivalent

  TPHd - total petroleum hydrocarbons as diesel
  WQO - Water Quality Objective

Reference�
ARCADIS. 2015. Baseline Human Health and Ecological Risk Assessment – Operable Unit E , Former Georgia-Pacific Wood Products Facility, Fort Bragg, California. Prepared for Georgia-Pacific LLC. August.

Moderate �201,100 

Anaerobic bio-oxidation of COIs followed by treatment through natural 
attenuation mechanisms. Periodic sampling of groundwater to evaluate 
natural biological and chemical remediation of COIs with contingency for 
potential future remedial actions, and restrict future groundwater use by 
establishing a deed restriction prohibiting use of onsite groundwater. Only 
effective for petroleum related compounds.

Yes Yes High High Moderate
Enhanced Anaerobic 
Bioremediation, MNA, 

and Institutional Controls

G
ro

un
dw

at
er

IRM and West of 
IRM TPHd and 
Lowland Barium

Fuel-related constituents (TPHd) and Barium are the 
residual COCs.  Concentrations of Barium show 

downward trends near the WQO, which is also the 
MCL.  Concentrations of TPHd show downward trends 
near the WQO, which is based on the taste and odor 

threshold.

Operable Unit E Remedial Action Plan
Former Georgia-Pacific Wood Products Facility, Fort Bragg, California 
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Overall Protection 
of +uman +ealth 

and the 
Environment

Compliance Zith 
ARARs

/ong Term 
Effectiveness and 

Permanence

Reduction of 
To[icity, 0obility, 

or 9olume Through 
Treatment

6hort Term 
Effectiveness ,mplementability Cost

Ponds 1-4 (Southern 
Ponds)

Arsenic and dioxin 
TEQ

2E-6 (12 day 0-2 ft)
2E-6 (12 day 0-0.5 ft)
7E-6 (50 day 0-2 ft) 

8E-6 (50 day 0-0.5 ft)
All prior to 2017 hot 

spot removal.

Institutional Controls
Restrict future land use via deed restriction and implement risk 
management plan for soil/sediment based on COIs and associated 
risks. 

Yes Yes Moderate Low High High �143,000

Pond 7 Arsenic and dioxin 
TEQ

2E-5 
Prior to excavation of 
full footprint in 2017.

Institutional Controls
Restrict future land use via deed restriction and implement risk 
management plan for soil/sediment based on COIs and associated 
risks. Beach berm repairs provide improved sediment containment.

Yes Yes Moderate Low High High �161,000

North Pond and 
Pond 6

Arsenic and dioxin 
TEQ

2E-6 (North)
3E-6 (Pond 6 0-2ft)

4E-6 (Pond 6 0-0.5 ft)
Institutional Controls

Restrict future land use via deed restriction and implement risk 
management plan for soil/sediment based on COIs and associated 
risks. Beach berm repairs provide improved sediment containment.

Yes Yes Moderate Low High High �162,000

Pond 8 Dioxin TEQ

2E-6 (1E-6 each for 
Dioxin and Arsenic, 

Arsenic concentrations 
are at background)

Institutional Controls
Restrict future land use via deed restriction and implement risk 
management plan for soil/sediment based on COIs and associated 
risks. Mill Pond Dam repairs provide improved sediment containment.

Yes Yes High Moderate High High �2,847,870

G
ro

un
dw

at
er

IRM and West of 
IRM

Fuel-related 
constituents (primarily 

TPHd) and Barium
NA

Monitored Natural 
Attenuation and 

Institutional Controls

Periodic sampling of groundwater to evaluate natural biological and 
chemical remediation of COIs with contingency for potential future 
remedial actions, and restrict future groundwater use by establishing a 
deed restriction prohibiting use of onsite groundwater.

Yes Yes Moderate Moderate High High �73,000

1otes�

Red shading indicates that the screening criteria may not be met or has a low ranking in preference.

Acronyms�
  AOC - area of concern

  ARARs - Applicable or Relevant and Appropriate Requirements
  COI - chemical of interest

  dioxin - polychlorinated dibenzo-p-dioxin (in case of TEQ, 2,3,7,8-tetrachlorodibenzo-p-dioxin >2,3,7,8-TCDD@ in particular)
 ELCR - Excess Lifetime Cancer Risk
  IRM - interim remedial measure
  TEQ - toxic equivalent

  TPHd - total petroleum hydrocarbons as diesel

Reference�
ARCADIS. 2015. Baseline Human Health and Ecological Risk Assessment – Operable Unit E , Former Georgia-Pacific Wood Products Facility, Fort Bragg, California. Prepared for Georgia-Pacific LLC. August.

Se
di

m
en

t

Green shading indicates that the screening criteria is met or has a high ranking in preference.
Yellow shading indicates that the screening criteria is likely met or has a moderate ranking in preference.

Table 4-5:  Remedial Alternative Recommendations Summary

0edia AOC Primary RisN 
Drivers E/CR Alternative ObMective

Threshold �<es or 1o� Criteria Balancing �/oZ, 0oderate, or +igh� Criteria

Operable Unit E Remedial Action Plan
Former Georgia-Pacific Wood Products Facility, Fort Bragg, California 
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NOTES:
1.  NOT ALL DELINEATED WATERS/WETLANDS 
     APPROVED BY THE USACE ARE WATERS/WETLANDS OF THE U.S.
2.  THREE-PARAMETER WETLANDS ARE DEFINED AS WETLANDS WHERE: 
         1) EVIDENCE OF WETLAND HYDROLOGY, HYDRIC SOIL, AND HYDROPHYTIC 
              VEGETATION WERE PRESENT DURING FIELD INVESTIGATIONS, OR 
         2) LACK OF EVIDENCE FROM ONE OR MORE OF THE THREE PARAMETERS 
             WAS DUE TO PROBLEMATIC/DISTURBED CONDITIONS.

*  WETLAND CHARACTERISTICS FOR WETLAND D-2 WERE ASSESSED FROM SOIL 
     BORING P-22. DUE TO THE PRESENCE OF DENSE SHRUB AND BRAMBLE, 
     WETLAND BOUNDARIES FOR WETLAND D-2 WERE DELINEATED FROM SOIL 
     BORINGS P-21 AND P-22 AND VEGETATIVE CHARACTERISTICS IN AERIAL 
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